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IS  abstract 

A  detailed  analvtcai  evatuauon  made  of  a  new  rotor  system  with  torsionaMy  elastic  blades  and  dual  controls  -the  controllable 
tw-st  rotor  (CTR)  The  controls  consist  oi  conventional  pitch  horn  linkages  at  the  inboard  end  and  an  aerodynamic  control  flap 
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*n9.  blade  lag^irg.  b'ade  ffapwuc  bending,  blaJp  torsion.  ,md  ccMro!  fijp  leathering.  The  two  control  modes  aie  included  sct>»- 
finely  and  incorporate  control  system  stillness  so  that  control  loads  arc  calculated.  Tne  aeroeiasuc  maiysis  includes  nonlinear 
irertij  distributions,  nonlinear  airfo'l  characteristics,  and  inertial  and  mechanical  coupling  among  the  modes  The  analysis  outputs 
pj-sient  respc.-scs  fo'  stability  evaluation  and  steady-state  blade  toad  and  angie-of attack  distributions,  blade  dynamics,  and  rotor 
pp/lormance  for  each  trimmed  flight  condition. 

Corrpjfisnns  jre  made  between  j  CTR  and  a  conventional  direct  control  roto-  (OCR).  usmg  the  above  nonuneor  aercelashc  loads 
acd  ysis.  Both  ,>rc  si/cd  to  meet  an  assumed  utility  he:l(.Upier  mission.  Conclusions  resulting  from  this  comparison  show  that  the 
CTR  nas  the  following  capability  ^s  compared  to  the  OCR 

30  percent  decrease  m  solidity 

15  pefcee|  reduction  m  power 
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30  percent  decrease  in  bending  amplitudes  ImsuUmg  m  increased  blade  life ’• 

15  percent  lighter  gross  weight 

10  percent  smaller  rotor  diameter 

25  perron t  lower  installed  Power 

15  percent  less  hove'  power  (OGE.  4000  feet.  95°fl 
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U.  S.  Army  Air  Mobility  Research  and  Development  Lab¬ 
oratory,  and  Is  considered  to  be  technically  sound. 

The  purpose  of  the  program  was  to  analyze  the  performance 
improvement  obtainable  with  the  controllable  twist  rotor 
concept.  The  analysis  techniques  which  were  used  are 
fully  described  In  this  report.  The  techniques  appear 
to  be  reasonable  for  the  purposes  intended.  Although 
final  conclusions  relative  to  this  concept  can  be 
reached  only  as  a  result  of  adequate  experimentation, 
the  predicted  performance  gains  for  the  controllable 
twist  rotor  can  be  viewed  with  sufficient  confidence 
to  encourage  further  Investigation.  This  report  is 
published  for  the  dissemination  of  this  data  and  for 
the  stimulation  of  ideas  relative  to  the  basic  subject. 
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SUMMARY 


A  detailed  analytical  evaluation  is  made  of  a  new  rotor 
system  with  torsionally  elastic  blades  and  dual  controls  - 
the  controllable  twist  rotor  (CTR) .  The  controls  consist  of 
conventional  pitch  horn  linkages  at  the  inboard  end  and  an 
aerodynamic  control  flap  at  the  outboard  end. 

The  analysis  involves  an  aeroelastic  loads  digital  computer 
program  which  was  developed  to  account  for  the  blade  response 
modes  and  blade  control  modes  on  either  sinale  or  dual  con¬ 
trol  rotors.  Six  response  modes  are  included:  blade  flappinq, 
blade  feathering,  blade  lagging,  blade  flapwise  bending,  blade 
torsion,  and  control  flap  feathering.  The  two  control  modes 
are  included  separately  and  incorporate  control  system  stiff¬ 
ness  so  that  control  loads  are  calculated.  The  aeroelastic 
analysis  includes  nonlinear  inertia  distributions,  nonlinear 
airfoil  characteristics,  and  inertial  and  mechanical  couplinq 
among  the  modes.  The  analysis  outputs  transient  responses 
for  stability  evaluation  and  steady-state  blade  load  and 
angle-of-attack  distributions,  blade  dynamics,  and  rotor 
performance  for  each  trimmed  flight  condition. 


Comparisons  are  made  between  a  CTR  and  a  conventional  direct 
control  rotor  (OCR) ,  using  the  above  nonlinear  aeroelastic 
loads  analysis.  Both  are  sized  to  meet  an  assumed  utility 
helicopter  mission.  Conclusions  resulting  from  this  com¬ 
parison  show  that  the  CTR  has  the  following  capability  as 
compared  to  the  DCR: 


30 

15 

18 

30 

in 

15 

10 

25 

15 


percent  decrease  in  solidity; 
percent  reduction  in  power; 
percent  increase  in  range; 

percent  decrease  in  bendinq  amplitudes  (resulting 
increased  blade  life); 

percent  lighter  gross  weiqht; 

percent  smaller  rotor  diameter? 

percent  lower  installed  power; 

percent  less  hover  Power  (OGE,  4000  feet,  95°F) . 
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FOREWORD 


This  report  presents  the  work  that  was  accomplished  during 
the  contract  effort  to  analytically  evaluate  the  blade  aero- 
elastic  characteristics  and  rotor  performance  of  the 
controllable  twist  rotor.  The  report  presents  a  description 
of  the  rotor,  a  detailed  discussion  of  the  analytical  tech¬ 
niques  developed  herein,  an  evaluation  and  comparison  of  the 
CTR  with  conventional  rotor  systems,  and  a  schematic  of  the 
control  system  kinematics.  The  computer  analysis  and  control 
system  schematic  are  on  file  at  the  USAAMRDL  Eustis 
Directorate. 

The  research  program  was  conducted  by  Kaman  Aerospace  Corpora¬ 
tion  under  Contract  DAAJ02-67-C-0068  (Task  1F162203A14302 ) 
and  was  carried  out  under  the  technical  cognizance  of 
Mr.  William  E.  Nettles  of  the  Eustis  Directorate. 

The  research  program  began  in  July  1967  and  was  completed 
in  March  1971.  Personnel  associated  with  the  contract  in 
addition  to  the  authors  were  Messrs.  D.  W.  Robinson,  Jr., 

R.  Jones,  A.  Berman,  E.  Walcek,  and  J.  Kennedy. 
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BACKGROUND 


Helicopter  rotors  are  sized  to  meet  load  factor  and  maneuver¬ 
ability  facility)  requirements  at  various  flight:  conditions 
specified  by  the  user.  Whether  a  rotor  is  designed  for  a 
small  observation  helicopter,  a  utility  transport  helicopter, 
an  armed  fire  suppression  helicopter,  or  a  heaw-lift  heli¬ 
copter,  rotor  diameter  and  solidity  arc  determined  by  the 
required  operating  extremes  of  the  flight  envelope  that  are 
specified.  Rotors  are  not  sized  by  cruise  speed  conditions 
of  the  vehicle. 

j  Most  of  today's  helicopters  are  constrained  at  their  extreme 

flight  conditions  by  two  sets  of  problems.  First  are  the 
basic  aerodynamic  problems  associated  with  compressibility 
and  blade  stall.  Rotor  systems  can  tolerate  only  small  por¬ 
tions  of  the  disk  operating  near  the  maximum  anale  of  attack 
on  the  retreating  side  and  in  supercritical  flow  on  the 
advancing  side.  Second  are  the  problems  associated  with  the 
necessity  to  trim  the  helicopter  and  to  provide  stability  and 
control.  Because  there  is  a  unique  set  of  control  inputs 
required  to  trim  conventional  rotors  at  each  fliqht  condition, 
little  can  be  done  to  alter  the  airload  distribution  for 
fixed-geometry  rotors.  As  a  result  of  these  two  sets  of 
constraints,  the  greater  portion  of  the  disk  is  lightly 
loaded.  Therefore,  it  is  necessary  to  resort  to  high  blade 
solidity  in  order  to  satisfy  the  requirements  of  the  flight 
envelope . 

The  high  solidity  conventional  rotor  desiqned  for  the  extreme 
conditions  is  overdesigned  at  hover  where  more  nearly  uniform 
load  distributions  are  generated.  The  hover  performance  of 
the  high  solidity  rotor  is  less  than  optimum  because  of  the 
increased  parasite  draq  resulting  from  unnecessary  blade  area 
and  because  the  low  blade  section  anoles  of  attack  are  far 
from  the  maximum  L/D  angles. 

In  addition  to  the  performance  problem  in  sizing  the  rotor, 

*  there  is  the  problem  associated  with  dynamic  loading  and 

vibration.  In  conventional  rotor  design,  alleviation  of 
blade  stresses,  fuselage  vibration  and  control  loading  can 
only  be  accomplished  in  the  structural  design  of  the  blade 
f.  itself.  Even  then,  only  limited  imorovements  are  possible 

and  other  constraints  such  as  static  droop,  aerodynamic 
section  characteristics,  manufacturing  processes,  etc., 
limit  the  changes  possible. 
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Having  recognized  that  these  problems  exist  in  conventional 
rotor  desiqn,  it  is  axiomatic  that  if  blade  stall  and  com¬ 
pressibility  problems  are  alleviated,  rotor  solidity  can  be 
reduced.  This  reduction  will  decrease  profile  power,  thereby 
improving  the  total  rotor  performance  picture. 

One  viable  approach  to  the  alleviation  of  the  blade  stall  and 
compressibility  problems  is  through  proper  redistribution  of 
blade  airloads.  This,  in  turn,  may  be  accomplished  by  proper 
distribution  of  blade  twist. 

Fixed  built-in  twist  is  in  common  usaqe  in  helicopter  desiqn, 
and  the  effects  of  blade  built-in  twist  on  cower  requirements, 
vibratory  loads,  stall  characteristics ,  and  compressibility 
effects  of  fully  articulated  and  hingeless  rotor  systems  have 
been  analyzed  quite  extensively  for  various  helicopter  con¬ 
figurations.  Reference  1  contains  the  results  of  some  of 
these  analyses,  one  of  the  primary  conclusions  reported  in 
Reference  1  states  that,  blade  twist  is  an  extremely  important 
parameter  of  rotor  performance  and  blade  stresses.  A  direct 
quote  of  this  statement  is  presented  in  the  followina  Dara- 
qraoh . 

"Blade  twist  was  found  to  be  a  significant  variable  for 
control  of  blade  stresses  aid  rotor  performance.  In¬ 
creased  negative  twist  acts  to  unload  the  retreatinq  and 
load  the  advancing  blade.  Due  to  the  helicopter's  pitch- 
trim  requirements,  the  advancing  blade  must  carrv  the 
increased  load  on  the  inboard  panels  rather  than  the  more 
efficient  outboard  panels.  The  resulting  one-Der-rev 
load  dissymmetry  is  the  aerodynamic  cause  of  increased 
blade  vibratory  stress ....  Results  of  calculations  for 
olanform-twis t  variation  indicate  a  rapid  rise  in  vibra¬ 
tory  bendina  moments  with  increase  in  blade  twist  for 
riqid  and  articulated  rotor  systems.  Small  values  of 
negative  twist  resulted  in  minimum  blade  stress,  while 
t.he  optimum  power- twist  tradeoff  required  larger  values 
of  negative  twist ....  For  the  aircraft  considered,  blade 
twist  to  minimize  stress  was  found  to  be  in  the  region 
of  +2°  to  -2° .  Optimum  power  for  helicopters  was  found 
in  the  region  of  -8°  twist....". 

Other  more  recent  analyses  which  have  been  performed  as  part 
of  preliminary  design  studies  have  indicated  that  the  twist 
for  optimum  figure  of  merit  may  be  even  hiaher  than  that 
reported  in  Reference  1.  Although  these  studies  have  not 
been  documented,  values  as  hiqh  as  -16°  have  been  commonly 
discussed  and  are  likely  to  represent  the  twist  required  for 
optimum  efficiency  in  hover. 
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These  results  indicate  tnat  high  negative  blade  twist  yields 
minimum  power  requirements  at  hover  and  low  speed,  whereas 
low  negative  blade  twist  yields  minimum  vibratory  loads  at 
high  forward  speeds.  Therefore,  the  built-in  twist  in  con¬ 
ventional  rotor  design  must  he  a  compromise  which  will 
produce  satisfactory  per  fori-.  -Hnco  and  dynamic  loads  but  which 
does  not  represent  the  opti mvr,  for  either. 

In  addition  to  the  benefits  which  can  be  derived  from  built- 
in  twist,  a  qualitative  evaluation  of  the  Reference  1  results 
suggests  that  decreased  negative  twist  on  the  advancing  blade 
and  increased  negative  twist  on  the  retreating  blade  further 
decrease  vibratory  loads  at  high  forward  speeds.  Consequently, 
this  evaluation  suggests  a  variable-geometry  rotor  blade  which 
has  the  ability  to  collectively  vary  its  twist  with  forward 
speed  and  to  cyclically  vary  its  twist  with  azimuth. 

In  order  to  investigate  this  hypothesis,  wind  tunnel  tests 
were  conducted  with  a  torsionally-segmented  model  helicopter 
rotor.  This  rotor  consisted  of  a  two-panel  blade  with  each 
panel  controlled  independently  in  order  to  simulate  the 
desirable  characteristics  of  a  variable-geometry  blade.  The 
test  results  are  r^oorted  in  Reference  2.  Despite  the  hard¬ 
ware  problems  encountered  in  designing  the  two-panel  blade, 
and  the  drag  penalties  incurred  by  blade  panel  discontinuity, 
the  maximum  propulsive  force  measured  for  the  segmented  rotor 
was  more  than  nine  times  that  for  the  corresponding  conven¬ 
tional  rotor.  In  summary,  the  aerodynamic  principle  was 
established  for  a  variable-geometry  rotor  with  variable  pitch 
schedules  along  the  radius  and  around  the  azimuth. 

A  recent  analysis  has  been  made  of  the  variable-geometry 
blade  requirements  which  would  redistribute  airloads  so  as 
to  yield  minimum  vibratory  hub  shears.  This  analysis,  re¬ 
ported  j.n  Reference  3,  shows  that  blade  twist  is  a  primary 
parameter  in  providing  the  proper  airload  distribution  for 
minimizing  shears.  The  conclusions  state  that  a  torsionallv 
flexible  blade  with  dual  control  inputs  at  the  blade  root 
and  tip  can  provide  significant  improvements  over  existing 
conventional  rotor  systems. 


THE  CONTROLLABLE  TWIST  ROTOR 


SYSTEM  DESCRIPTION 


The  controllable  twist  rotor  (CTR),  as  shown  in  Figure  1/ 
was  corceived  as  a  practical  system  by  which  blade  twist 
distribution  car  be  controlled  both  cyclically  and  collec¬ 
tively.  The  system  is  intended  to  satisfy  the  twist  require¬ 
ments  as  stated  in  Reference  1  by  allowing  the  selection  of 
a  high  negative  twist  in  hover  and  progressively  lower 
negative  twist  as  forward  speed  is  increased.  The  CTR  also 
satisfies  the  recommendations  of  Reference  2  for  improving 
performance  and  Reference  3  for  reducing  hub  shears  by 
allowing  the  selection  of  a  cyclic  twist  distribution. 

CTR  consists  of  an  articulated  tcrsionally  flexible  blade 
that  is  controlled  by  a  conventional  pitch  horn  (direct 
control)  linkage  at  its  root  and  an  aerodynamic  control  flap 
at  its  tip.  For  this  study,  the  Ditch  horn  device  is  con¬ 
sidered  the  primary  trim  control  system  for  vectoring  rotor 
thrust  magnitude  and  direction.  The  flap  generates  the 
necessary  external  moments  for  elastically  twisting  the 
blade  about  its  mean  trim  position  in  order  to  provide  an 
efficient  distribution  of  blade  airloads.  The  flap  also 
provides  a  means  for  varying  the  blade  tip  section  camber 
line,  thereby  resulting  in  an  uncambered  airfoil  section  on 
the  advancing  side  and  a  high  lift  airfoil  section  on  the  • 
retreating  side. 

Figure  1  illustrates  the  dual  control  system  independently 
actuated  by  two  separate  swashplates.  Both  the  primary  and 
secondary  control  systems  can  be  varied  collectively  and/or 
cyclically.  Each  can  also  be  scheduled  to  vary  with  forward 
speed.  Design  methodology  for  the  linkage  mechanisms  of  the 
dual  control  system  and  for  the  torsionally  elastic  blade 
utilizes  existing  technology  from  proven  flightworthy  hard¬ 
ware  now  in  service  use. 

It  is  conjectured  that  a  fixed  relationship  between  the 
otherwise  independent  controls  may  provide  optimum  rotor 
performance  and  blade  dynamics  for  a  specific  helicopter 
configuration.  If  such  a  relationship  exists,  the  control 
system  can  be  simplified  through  the  use  of  a  single  swash- 
plate  . 

Extremely  large  rotors  operate  in  a  reduced  centrifugal  force 
field.  Consequently,  a  second  alternative  actuating  svstem 
for  large  rotors  would  use  a  swashplate  for  the  pitch  horn 
and  a  fly-by-wire  electromechanical  actuator  for  the  flap. 
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The  electromechanical  actuator  would  be  installed  in  the 
blade  and  cl  aid  be  used  as  a  tuning  ballast  weight.  Because 
it  would  be  driven  electrically,  the  input  signal  waveform 
to  the  flap  could  be  controlled  to  include  various  amplitudes 
and  phasings  of  higher  harmonics. 

MODES  OF  OPERATION 


If  independent  swashplates  are  used,  the  controllable  twist 
rotor  is  anticipated  to  have  the  capability  of  generating 
the  required  trim  forces  for  any  flight  condition  through  a 
continuous  range  of  control  input  combinations.  It  can  be 
flown  with  pure  pitch  horn  control  and  no  flap  input  or,  at 
the  opposite  extreme,  with  pure  flap  control  and  no  pitch 
horn  input.  Different  combinations  of  the  two  inputs  produce 
various  steady  and  periodic  twist  distributions  on  the  blade, 
and  various  combinations  of  radial  and  azimuthal  variations 
in  angles  of  attack.  Thus,  there  is  every  reason  to  exoect 
that  it  is  possible,  through  control  input  alone,  to  redis¬ 
tribute  the  loading  at  forward  speed  so  as  to  substantially 
increase  the  average  blade  loading  at  constant  peak  loads, 
thereby  reducing  the  solidity,  weight,  and  power  requirements, 
compared  to  a  direct  control  rotor. 

In  addition  to  reducing  the  required  solidity,  it  is  con¬ 
jectured  that  the  smoothing  of  the  airload  distribution 
achieved  by  the  CTR  increases  aerodynamic  efficiency  and 
reduces  the  vibratory  components, resulting  in  lower  vibratory 
blade  stresses,  hub  shears,  and  control  loads.  The  lower 
blade  stresses  would  provide  increased  blade  life.  Reduced 
vibratory  hub  shears,  resulting  in  lower  fuselage  vibration 
levels  and  stresses,  would  reduce  the  weight  of  added  struc¬ 
ture  required  for  fatigue  reliability  and  would  reduce  the 
weight  of  vibration  alleviation  devices  required  for  per¬ 
sonnel  efficiency  and  comfort  and  equipment  reliability. 
Increased  blade  efficiency  automatically  would  improve  hover 
and  lifting  capability.  The  inboard  and  outboard  controls 
of  the  CTR  system  will  provide  a  degree  of  control  over  rotor 
vibration . 
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ANALYTICAL  METHODS 


EQUATIONS  OF  MOTION 

The  analysis  used  to  evaluate  the  CTR  and  the  direct  con¬ 
trolled  rotor  is  an  extension  of  the  analysis  developed  in 
Reference  4,  where  the  method  of  solution  and  the  coupled 
aeroelastic  equations  of  motion  are  derived  for  five  response 
inodes  and  two  control  modes  for  a  fully  articulated  rotor 
system.  The  CTR  has  an  added  degree  of  flexibility  derived 
from  the  elastic  twist  displacements.  Consequently,  the 
.  elastic  twist  degree  of  freedom  has  been  added  to  make  the 
present  analysis  descriptive  of  six  response  modes  and  two 
input  control  modes.  The  response  modes  can  be  considered 
normal  modes  and  are  described  as  follows: 

-  Blade  Pitching 

-  Blade  Lagging 

-  Blade  Flapping 

-  Blade  Flapwise  Bending  (First  Elastic  Bendinq  Mode) 

-  Blade  Twisting  (First  Elastic  Twisting  Mode) 

-  Flap  Pitching 

figure  2  shows  the  displacements  associated  with  the  response 
modes . 

The  derivation  of  the  equations  of  motion  and  basic  method  of 
solution  have  been  reported  in  detail  in  References  4  and  5. 
They  are  discussed  in  the  present  report  only  to  the  extent 
that  a  general  understanding  of  the  problem  is  developed. 

The  modal  approach  is  used  to  evaluate  the  airloads  on  a  fully 
articulated  rotor  by  mathematically  describing  blade  motions 
with  the  listed  six  degrees  of  freedom.  The  complete  inertial 
and  centrifugal  terms  for  the  equations  of  motion  are  derived 
through  the  use  of  matrix  transformations.  Potential  strain 
energy  and  dissipative  eneray  terms  are  included  in  the 
equations  of  motion  by  assuming  concentrated  springs  and 
♦  viscous  dampers  for  the  four  rigid  body  modes,  and  by  evalu¬ 

ating  the  fundamental  bending  and  torsional  frequencies  of 
the  rotating  blade  for  the  flapwise  bendinq  and  torsion  modes. 

Generalized  aerodynamic  forces  for  each  of  the  six  modes  are 
obtained  from  strip  theory  by  calculating  an  instantaneous 
local  airfoil  section  angle  of  attack  and  using  this  angle 
of  attack  td  evaluate  aerodynamic  force  coefficients  from 
available  wind  tunnel  data.  Derivations  of  the  equations  of 
■  motion  and  of  the  generalized  forces  are  presented  in  Appendix 
I. 
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Because  of  the  inodes  included  in  the  analysis,  these  equations 
can  be  used  to  analyze  articulated  rotors  controlled  directly 
with  pitch  horns,  articulated  rotors  controlled  aerodynami- 
cally  with  flaps,  articulated  rotors  with  dual  controls, 
hingeless  rotors  controlled  by  pitch  horns,  hingeless  rotors 
controlled  by  flaps,  or  hingeless  rotors  with  dual  controls. 

In  their  present  form,  the  aeroelastic  equations  of  motion 
include  all  nonlinear  inertial  coupling  effects  and  nonlinear 
aerodynamic  effects  such  as  reverse  flow,  stall,  Mach  number 
variations  and  large  induced  flow  angles.  The  present  study 
used  uniform  inflow  because  of  computer  capacity  and  time 
limitations.  However,  the  variable  inflow  calculations  are 
t  treated  as  a  subroutine  in  the  overall  aeroelastic  loads  com- 

'  puter  program  and,  as  such,  can  be  modified  to  incorporate 

any  of  the  published  methods. 

Additional  features  to  the  analysis  are  the  inclusion  of 
feedback  mechanical  coupling  among  the  flap,  blade  feathering, 
blade  flapping,  and  blade  lagging  motions  and  the  inclusion 
of  arbitrary  spring  rates  and  dampers  for  each  mode.  Any  one 
or  combination  of  these  parameters  can  be  eliminated  easily 
from  the  analysis.  Furthermore,  spring  rates  for  the  two 
types  of  control  systems  are  also  included  in  order  that 
accurate  control  loads  can  be  calculated. 

As  previously  mentioned,  the  flexible  twist  degree  of  freedom 
is  necessary  to  properly  describe  the  mathematical  model  of 
the  CTR.  It  was  found  more  convenient  to  add  this  new  degree 
of  freedom  to  the  existing  methods  of  solution  described  in 
Reference  4 ,  rather  than  to  rederive  a  complete  new  set  of  non¬ 
linear  equations.  This  is  primarily  due  to  similarities 
between  the  feathering  equation  and  the  twisting  equation 
which  allow  the  almost  direct  substitution,  of  new  terms 
containing  the  twist  parameter,  into  the  feathering  equation. 
Thus,  a  new  equation  is  created  for  twist.  The  justification 
for  this  procedure  lies  in  the  fact  that  the  radial  integra¬ 
tions  of  the  linear  inertial  terms  for  the  feathering  equa¬ 
tions  are  identical  to  those  of  the  twist  degree  of  freedom 
*  when  modified  by  the  twist  mode  shape.  However,  before 

proceeding  with  further  development  of  the  equations,  it  is 
necessary  to  obtain  an  understand.ina  of  the  mechanism  of 
twist  and  how  it  is  applied  in  a  modal  analysis. 

I 

The  twist  enerqy  must  satisfy  a  balance  such  that  it  may  be 
applied  to  the  Lagrangian  equations  of  motion  for  the  jth 
generalized  coordinate  as  established  in  Reference  4. 

Oxi/as^dm  +  3U1/3sj  +  dV2/ds.  =  //Oxi/3sj)dpi  (1) 
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where  the  strain  energy 


U1  =  W  (2) 

and  the  dissipative  energy 

U2  =  U2(s_.)  (3) 

As  in  Reference  4,  a  point  on  the  flap  is  given  by 

X2  =  Vt  +  V  Ex  +  Z{E2  +  BJP  +  +  e3  +  AE2)  ]  }  (4) 

and  a  point  on  the  blade  is  given  by 

Xi  =  vt  +  TtEi  +  z{E2  +  B[p  +  *twe  °x(Q  +  El)1}  (?) 

where  the  transformation  matrices  are  defined  in  Appendix  I. 
The  evaluation  of  Xj_OXj_/3sj)  and  Ox^/SSjJdp^  will  produce 

terms  in  twist  that  are  similar  to  the  terms  in  pitch  since 
twist  terms  appear  everywhere  that  pitch  terms  appear,  and 
derivatives  with  respect  to  twist  are  similar  to  the  deriva¬ 
tives  with  respect  to  pitch.  The  twist  rotation  as  defined 
in  Appendix  I  is 
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ytw  tw  v  tw  tw 


V  e.  e. 

tw  tw  tw  tw 


where  <j»tw  is  the  elastic  twist  mode  shape  and  0  is  the 
twist  tip  deflection. 

In  linear  form,  using  small  angle  assumptions,  Equation  (6) 
becomes 


"*tw6tw 
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As  in  Reference  4,  the  linear  pitch  rotation  is  given  as 


k 


0  = 


1 

0 

.0 


0  0’ 

i  -e 
e  l 


(8) 


Evaluating  Equation  (1)  for  the  pitch  degree  of  freedom  and 
for  the  twist  degree  of  freedom  using  Equations  (4)  through 
(8) ,  the  integrated  inertial  terms  in  twist  are  identical  to 
those  in  pitch  except  that  twist  is  modified  by  the  twist 
mode  shape.  The  twist  acceleration,  velocity,  and  displace¬ 
ment  terms  in  the  twist  equation  are  modified  by  the  square 
of  the  mode  shape  because  these  terms  result  from  second 
derivatives  of  twist  and/or  products  of  derivatives  and  twist. 
Similar  results  are  obtained  for  the  linear  aerodynamic 
forcing  functions. 


Direct  substitution  of  the  twist  tip  deflection  mode  shape 
into  the  feathering  equation  produces  the  twist  equation  to 
be  added  to  the  f ive-degree-of- freedom  system  reported  in 
Reference  4.  The  matrix  trans formations ,  the  six  nonlinear 
response  equations,  and  the  corresponding  radial  and  chord- 
wise  inertial  integrations  of  masses,  first  moments,  and 
second  moments  of  inertia  are  listed  in  Appendix  I. 


The  portion  of  potential  or  strain  energy,  U.  ,  that  is 
attributed  to  elastic  twist  can  be  defined  as 


(U1} twist 


1/2 


Ietw"tw 


2a  2 

tw  tw 


(9) 


Equation  (9)  is  the  torsional  response  equation  for  a  bar  of 
uniform  torsional  stiffness  (Reference  4),  the  assumption 
being  made  that  the  rotor  blade  has  a  uniform  torsional  stiff¬ 
ness.  This,  strain  energy  is  derived  in  a  nonrotating  system; 
therefore,  the  natural  response  frequency,  a>tw ,  is  the  natural 

frequency  of  the  blade  for  the  first  nonrotational  mode;  <J>fcw 

is  the  associated  mode  shape.  IQ  $tw2  is  the  torsional 

°tw 

inertia  of  the  blade,  and  since  the  mass  of  the  flap  con¬ 
tributes  to  this  inertia,  it  is  defined  as  follows: 

*tw2l0  =  e3  M33  +  1 1 8  “  2e 3S52  +  I41  (10) 

tw 
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where  the  various  terms  are  defined  in  Appendix  I.  From 
Equations  (9)  and  (10)  and  Reference  4,  the  total  strain 
energy  becomes 


Ux  =  1/2  k6(0  -  80)2  +  1/2  Ke(e  -  eQ) 2  +  1/2  Kc(c  -  cQ)2 


+  1/2  K6(6  -  6q)  2  +  1/2  (M^  +  M20)(D2q12  +  1/2  K0  (6  -  9in>2 

in 


+  1/2  (6  -  6in)2  +  l/2(e32M33  +  I18  -  2e,S 

in 


3  52 


(11) 


The  dissipative  function  due  to  elastic  twist  results  from 
structural  damping  and  can  be  described  approximately  as 


(U2)twist  "  ^  Ctw(e,tw) 


(12) 


where  the  prime  denotes  the  derivate  with  azimuth.  From 
Reference  4  and  Equation  (12)  ,  the  total  dissipative  function 
is 


U2  =  1/2  Cg  ( 8 '  )  2  +  1/2  C^U’)2  +  1/2  C0  (0  '  )  2 
+  1/2  Cq(qi')2  +  1/2  C5(6')2  +  1/2  Ctw(0'tw)2  (13) 


In  Equations  (11)  and  (13),  K^,  Kg ,  Kq,  K5  and  Cj  ,  Cg  ,  C9 , 

C5  represent  the  spring  stiffness  constants  and  the  viscous 
damping  constants,  respectively.  Initial  tension  in  the 
springs  is  removed  by  indexing  the  angular  deflections  through 
the  angles  cQ,  8o,  0Q,  6^.  The  first  flapwise  bending  mode, 

its  natural  frequency,  and  the  effective  mass  associated  with 
this  mode  are  denoted  by  q^,  oj,  and  (M4  +  M2Q)  in  Equation 

(11) .  The  derivatives  of  the  strain  function  and  the  deriva¬ 
tives  of  the  dissipative  function  with  respect  to  the  various 
degrees  of  freedom,  9U^/9Sj  and  9U2/9Sj,  have  been  evaluated 

and  are  combined  with  the  proper  inertia  coefficients  in 
Appendix  I. 
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The  surface  forces  acting  on  the  rotor  blade  and  flap  con¬ 
sist  of  the  aerodynamic  forces  and  moments  which  can  be 
separated  into  steady  and  unsteady  components.  As  mentioned 
previously.  Equation  (1)  represents  the  condition  of  dynamic 
equilibrium  of  the  moments  for  each  degree  of  freedom.  Con¬ 
sequently,  the  generalized  forces  for  these  equations  will  be 
given  by  moments  which  account  for  the  appropriate  boundary 
conditions  in  each  mode.  The  generalized  forces  that  appear 
in  Equation  (1)  can  be  written  in  terms  of  the  virtual  work 
done  by  the  external  forces. 


3X 

Qj  -  ff  35 


idPi  = 


dw2 

as- 


(14) 


Equation  (14)  is  not  in  a  convenient  form  for  use  with  the 
equilibrium  equations,  because  it  is  written  in  terms  of 
pressures  rather  than  the  more  common  aerodynamic  lift,  drag, 
and  pitching  moment  distributions  along  the  blade. 


The  generalized  forces  can  be  expressed  in  terms  of  these 
aerodynamic  parameters  by  applying  the  distributed  loads 
along  the  blade  and  allowing  the  blade  to  undergo  a  virtual 
displacement  in  each  mode.  When  this  is  done,  expressions 
for  each  can  be  written  as  follows: 


Q  =  /( L$  +  D$  ] (r  -  e.) 


dr 


Q  =  /[  14  -  D$  ] (r  -  e2)dr 

T  V  v 

%  -  /H0dr 


V /IL<t(o  +  -  v  +  D*(e  + 


g  - 


4>  ) 


]  4>dr 


V  =  /M0*twdr 

tw 


Q6  =  /M6dr 


(15) 
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Detailed  expressions  for  the  generalized  forces  are  given 
in  Appendix  I.  Figures  3,  4,  and  5  illustrate  the  biade 
airfoil  cross-section  geometry,  the  section  aerodynamic  force, 
moment,  and  velocity  vectors,  and  the  blade  generalized  forces. 

The  present  analysis  describes  the  behavior  of  articulated 
rotors  with  pitch  control  input,  with  flap  control  input, 
or  with  dual  control  input.  The  feathering  input  is  given 
by 


0.  =0  -  0,  -  0,  <t .  -  Q,  .  +  Kno6  +  KA, £ 

m  c  IsMfi  lcY4>  2cr24>  06  05 

(16) 

The  flap  input  is  given  by 

4in  *  6c  +  {ls*„  +  +  62s*2*  +  7  K«e6  +  K«30  * 

*  *6t'  (17> 

In  Equations  (16)  and  (17),  the  various  azimuthal  coefficients 
correspond  to  collective,  cyclic,  and  second  harmonic  inputs; 
the  constants  correspond  to  the  mechanical  feedback  couplings 
among  the  modes . 


METHOD  OF  SOLUTION 

Generally,  nonlinear  response  equations  are  solved  by  numeri¬ 
cal  methods  for  computer  adaptation.  Most  often,  these 
solutions  use  a  forward  integration  approach,  which  requires 
a  knowledge  of  initial ' conditions  in  order  to  precipitate  the 
solution  (initial  value  problem).  Experience  has  shown, 
however,  that  an  estimate  of  the  initial  conditions  can  be 
so  far  from  the  steady- state  solution  of  a  multi-mode  analysis 
that  it  is  not  possible  to  achieve  stability  or  that  it  takes 
many  iterations  to  get  to  the  stable  solution. 

The  method  used  for  solving  the  above  nonlinear  equations  is 
an  expanded  version  of  the  method  described  by  Berman  for  a 
two-degree-of-f reedom  system  (Reference  5) .  This  method  is 
generally  applicable  to  sets  of  nonlinear  differential 
equations  with  coefficients  that  are  arbitrary  functions  of 
a  single  independent  variable;  in  this  case,  the  variable  is 
time.  A  brief  description  of  the  procedures  is  outlined 
below. 


14 


ELASTIC  AXIS 
AERODYNAMIC  CENTER 


Blade  and  Flap  Geometry/) 


Initially,  the  set  of  nonlinear  equations  is  linearized  by 
making  the  usual  small  angle  assumptions  and  neglecting  terms 
higher  than  first  order.  The  aerodynamic  forcing  functions 
are  linearized  only  with  respect  to  local  angle  of  attack. 
Linearized  aerodynamic  force  and  moment  derivatives  are 
tabulated  versus  Mach  number  for  the  normal  flow  region, 
for  the  reverse-flow  region,  and  for  a  narrow  band  around 
the  reverse-flow  circle  corresponding  to  low  dynamic  pressures. 
The  linearized  differential  equations  are  then  written  as  a 
set  of  finite  difference  equations;  they  are  summarized  in 
Appendix  II.  The  finite  difference  equations  are  solved  via 
the  integrating  matrix  operator  developed  by  Berman. 

The  direct  application  of  an  integrating  matrix  operator  to 
the  linearized  equations  written  in  matrix  form  yields  two 
important  results.  First,  the  completely  coupled  transient 
response  of  the  linearized  system  to  an  initial  disturbance 
is  calculated.  The  initial  disturbance  can  be  a  displacement 
or  a  velocity  step  input  in  any  single  mode  or  any  combination 
of  modes.  Transient  responses  are  calculated  for  a  pre¬ 
specified  time  interval  (usually  20  rotor  revolutions)  in 
order  to  evaluate  the  stability  characteristics  of  the  coupled 
system.  Second,  the  response  matrices  of  the  system  are 
obtained  which  depend  only  on  the  coefficients  of  the  linear¬ 
ized  equations.  When  the  coefficients  and  the  forcing 
functions  are  periodic,  the  response  matrices  are  modified 
by  the  end  conditions  to  yield  periodic  responses  directly, 
without  carrying  the  calculations  through  mere  than  one  cycle. 

Thus,  the  initial  value  approach  for  obtaining  linearized 
transient  solutions  is  transformed  into  a  boundary  value 
approach  for  obtaining  nonlinearized  periodic  (steady-state) 
solutions. 

The  response  to  the  complete  nonlinear  equations  is  obtained 
through  the  use  of  the  above-mentioned  periodic  response 
matrices.  The  methodology  is  better  understood  by  beginning 
with  the  general  description  of  the  linear  solutions.  The 
left-hand  side  of  the  equation  is  composed  of  the  linear 
inercia  matrix  [ILJ  and  the  linear  airload  matrix  t L>L J  ,  the 

sum  of  which  is  set  equal  to  a  forcing  function  matrix  [F] . 

This  leads  to  the  following  equation: 

([ILJ  +  [Ll])  =  [F]  (18) 
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The  left-hand  side  of  Equation  (18)  includes  functions  of  the 
displacements,  velocities,  and  accelerations  of  the  various 
response  modes.  Through  the  techniques  reported  in  Reference 
4  and  the  integrating  matrix  operators  of  Reference  5,  the 
left-hand  side  can  be  made  functions  of  accelerations  only 
such  that  Equation  (18)  can  be  rewritten  in  terms  of  the 
acceleration  matrix  [x]#  as  shown  in  Equation  (19). 

[A)(x]  =  [F]  (19) 

The  periodic  response  matrix  is  defined  by 

IP]  =  [A-1]  (20) 

where  the  matrices  [A]  and  {P]  are  matrix  operators. 

Equation  (19)  becomes 

(Xl  =  (PJ  [F]  (21) 

These  matrices  are  integrated  by  the  methods  in  Reference  5 
to  give  velocities  and  displacements  providing  the  linear 
solutions.  These  linear  solutions  are  subsequently  used  as 
initial  inputs  for  the  iterative  procedures  in  order  to 
obtain  nonlinear  solutions. 

The  nonlinear  equations  can  be  similarly  represented  with 
nonlinear  inertias  UNL)  ,  and  nonlinear  airloads  [L^l  '  and  set 

equal  to  the  nonlinear  forcing  function  (FNL1  as  in  the 
following  equation: 

<fINL]  +  tLNL])  *  fFNL]  <22) 

This  equation  can  be  rewritten 


0  fFNL]  (tINL5  +  fLNLJ) 


If  the  linear  inertias  and  loads  are  added  to  both  sides,  we 
get  Equation  (24): 


([IL1  +  +  +  *LNL^  +  ^FNlJ 

(24) 
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Using  the  definitions  in  Equations  (18)  through  (21) ,  we  can 
write  the  accelerations  as  follows: 


txl  =  [P]UUL]  +  (LL1)  -  ([INL]  +  (lnl1)  +  C fnl ]  }  (25) 

Equation  (25)  represents  a  complete  set  of  nonlinear  equations 
operated  on  by  linear  response  matrices.  The  included  linear 
effects  are  self  cancelling  by  definition  from  Equation  (24). 
The  numerical  solutions  of  the  acceleration  matrix  (xl  rep¬ 
resent  solutions  for  each  response  mode  at  every  azimuth 
position. 

Because  the  right-hand  side  of  Equation  (25)  has  terms  which 
include  modal  velocities,  displacements,  and  accelerations, 
it  is  solved  by  iterative  methods.  Subscripts  are  added  to 
Equation  (25)  to  indicate  the  successive  iterations.  The 
iterative  nonlinear  response  equation  is  defined  as 


txlk  =  IP]<UILI  +  IV>k-l 


where 


"W  + 


[LNL^k-l  +  fFNLJk-l} 


(26) 


k  =  present  iteration  count 

k-1  =  previous  iterat’ jn  count 

and  k  has  the  range  &£  k  i  N  ),with  N  being  the  number  of 
iterations  required  for  convergence. 

The  initial  responses,  i .e ., displacements ,  velocities,  and 
accelerations,  are  determined  from  the  linear  solution  of 
Equation  (21).  These  are  substituted  into  the  right-hand 
side  of  Equation  (25)  to  generate  the  nonlinear  matrices 
which  are  used  to  determine  the  second  set  of  accelerations. 
In  general,  these  new  accelerations  are  not  identical  to 
those  that  were  input  on  the  right-hand  side  because  the 
linear  solution  does  not  have  the  same  accelerations  as  the 
nonlinear  solutions.  Therefore,  these  accelerations  are 
integrated  to  obtain  new  displacements  and  velocities  which 
are  reinserted  into  the  right-hand  side  to  obtain  a  third 
solution  to  the  accelerations.  These  substitutions  are 
repeated  until  the  kth  responses  coincide  with  the  (k-l)ch 
responses  to  within  specified  tolerances.  The  last  set  is 
the  converged  responses. 
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COMPUTER  PROGRAM 


A  computer  program  for  the  aeroelastic  analysis  was  written 
in  FORTRAN  IV  language  for  an  IBM  360/40  distal  computer 
with  a  Disk  Operating  System,  and  a  132,00  »ord  storaqe 
capacity.  (USAAMRDL  will  provide  copies  ci  the  proqram 
upon  receipt  of  a  blank  tape  and  a  letter  c-f  request  on 
organization  letterhead  stationary) .  The  computer  proqram 
can  handle  a  rotor  blade  with  16  radial  stations  which  are 
used  to  describe  nonuniform  radial  distributions  of  chord, 
twist,  airfoil  section,  mass,  moment  of  inertia,  chordwise 
center  of  gravity,  bending  mode,  twistinq  mode,  elastic  axis, 
and  aerodynamic  center.  Sixty  azimuth  positions  car.  be  evalu¬ 
ated  for  each  of  the  six  response  modes.  Aerodynamic  force 
and  moment  coefficient  data  are  tabulated  for  each  of  3  air¬ 
foil  sections  at  5  Mach  numbers  and  49  angles  of  attack;  one 
of  the  airfoil  sections  has  coefficient  data  tabulated  for  5 
flap  settings  in  addition  to  the  Mach  number  and  anqle-of- 
attack  ranges.  Unsteady  airfoil  characteristics  are  estimated 
by  force  and  moment  derivatives  based  on  Theodorsen  theory. 

Figure  6  illustrates  schematically  the  basic  program  logic 
for  computation  of  the  rotor  airloads  and  responses.  Data  for 
the  specific  rotor  are  input,  and  rotor  inertias  and  linear 
aerodynamic  terms  are  calculated.  Pertinent  information  is 
stored  on  the  disk  for  intermediate  storage.  The  coefficients 
of  the  linearized  equations  are  calculated  and  integrated  to 
form  the  [A]  matrix.  This  matrix  is  inverted  to  form  the 
periodic  response  matrix  which  is  stored  on  the  disk  for  use 
in  all  subsequent  solutions.  The  initial  value  matrix  is 
determined,  and  the  transient  responses  are  obtained  as  a  user 
option.  The  boundary  conditions  are  generated  and  also  stored 
on  the  disk. 


The  above  portion  of  the  computer  program  is  known  as  Part  I 
and  must  be  run  for  every  flight  condition  or  for  any  change 
in  the  physical  properties  of  the  rotor.  Part  II  of  the 
computer  program  contains  the  input  requirements  for  the 
controls  (i.e.,  pitch  horn  and/or  flap  controls)  and  calculates 
the  steady-state  responses  of  the  fully  coupled  nonlinear 
equations.  Therefore,  it  must  be  run  for  each  new  control 
setting.  Using  the  data  stored  on  the  disk  and  the  input  for 
the  controls,  the  linear  forcing  functions  are  now  calculated, 
and  the  linear  steady-state  responses  are  determined.  The 
local  angles  of  attack  are  computed  from  these  linear  re¬ 
sponses,  and  the  local  airloads  are  determined  from  blade 
element  theory.  The  nonlinear  forcing  functions  are  obtained 
using  these  airloads, and  new  blade  responses  are  computed. 

The  iterative  process  of  computing  nonlinear  airloads  and 
nonlinear  responses  is  cycled  until  convergence  is  reached 
between  successive  iterations. 


I - \ 


Figure  6.  Flow  Chart  of  the  Computer  Program  for 
the  Controllable  Twist  Rotor  (CTR) 
Theoretical  Analysis. 
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Rotor  performance  is  calculated  from  the  converged  airloads 
by  integrating  the  various  airload  distributions  radially  and 
azimuthally  over  the  disk.  The  expressions  used  to  evaluate 
rotor  thrust,  torque,  drag,  and  side  force  are  given  below. 

T3=  Jfa  /2"/8(L $  -  D$  )<tsdrd*  (27) 


Qs=  T?  /2lT/R(L$  +  D<t.  ) rdrdii>  (28) 

o 


Hs=  Sr  7  D<f  )$  -  (14  -  )*6r(  Idra*  (29) 

o  e^  v  v  ^v  yv 


V  '  sr  ^"iRf(L*ov  +  Dlt*v)<t*  +  (L<t«v  •  “♦♦^V*1***  <301 

Blade  responses  are  printed  in  the  form  of  radial  and 
azimuthal  distributions  of  angles  of  attack,  airloads 
normal  to  the  shaft  plane,  airloads  in  the  shaft  plane, 
feathering  moments,  torques,  Mach  numbers,  and  critical  Mach 
number  ratios.  Time  histories  of  the  six  coupled  blade  re¬ 
sponses,  pitch  horn  control  loads,  and  flap  rod  control  loads 
are  also  output.  Standard  harmonic  analysis  techniques 
automatically  resolve  the  waveforms  of  angles  of  attack, 
airloads,  moments,  and  blade  responses  to  yield  the  harmonic 
content  of  each  parameter.  Angle-of-attack  distributions  are 
also  interpolated  automatically  to  locate  radial  stations 
corresponding  to  integer  values  in  angle  of  attack.  These 
latter  results  are  used  to  generate  angle-of-attack  contour 
plots . 

AERODYNAMIC  FORCE  AND  MOMENT  DATA 


Unlike  many  pitch  horn  configurations  which  have  a  constant 
airfoil  section  over  the  length  of  the  blade,  the  CTR  has  a 
section  of  the  blade  which  contains  a  control  flap.  The 
presence  of  the  flap  and  its  concurrent  deflections  modify 
the  pitching  moments,  the  lift,  and  the  drag  of  these  blade 
sections.  The  present  computer  analysis  has  the  capability 
of  including  at  any  radial  stations  a  choice  of  aerodynamic 
data  for  any  of  three  airfoil  sections,  one  of  which  may 
include  data  for  various  flap  deflections.  The  input  for 
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the  analysis  requires  the  lift  coefficient,  draq  coefficient, 
blade  pitching  moment  coefficient,  and  flao  hinge  moment 
coefficient.  The  aforementioned  section  characteristics 
are  based  on  the  total  chord  of  the  blade  and  flap. 

The  aerodynamic  characteristics  for  the  airfoil  sections  used 
in  this  study  are  tabulated  in  Appendix  IV.  The  section 
coefficients  are  presented  for  49  angles  of  attack  ranging 
from  0  to  360  degrees,  for  four  Mach  numbers,  and  for  five 
flap  deflections.  Table  XXXI  contains  the  data  for  the 
modified  Kaman  23012  airfoil.  For  the  direct  control  rotor, 
these  data  are  used  over  the  whole  rotor  blade;  for  the  CTR, 
they  are  used  in  the  nonflapped  regions  only.  The  data  for. 
this  airfoil  were  synthesized  for  the  reverse-flow  regions 
using  data  from  Reference  9.  Mach  number  effects  were  in¬ 
cluded  by  means  of  the  Prandtl-Glauert  correction  factor  as 
described  in  References  10  and  11. 

The  Kaman  external  flao  has  a  NACA  63-015  airfoil  section, 
and  is  placed  directly  aft  of  the  Kaman  modified  23012  blade 
section.  The  test  data  available  for  this  combination  are 
meager  for  high  Mach  numbers  and  large  flap  deflections. 
However,  some  wind  tunnel  data  were  available  in  Reference  11, 
which,  when  combined  with  extrapolations  and  the  Prandtl- 
Glauert  effects  in  Reference  10,  were  used  to  synthesize 
Table  XXXII  in  Appendix  IV. 

The  external  trailing  flap  configuration  described  above 
carries  some  penalty  in  profile  drag  due  to  flap  and  blade 
interference  and  due  to  the  gap  between  the  flap  and  the 
blade.  A  faired  flap  modifies  the  airfoil  section  such  that 
there  is  no  gap;  the  flap  combines  with  the  blade  to  form  a 
single  airfoil  section  with  a  smooth  surface  running  from  the 
blade  leading  edge  to  the  flap  trailing  edge.  Data  for  the 
trailing  flap  mentioned  above  was  modified  in  Reference  10 
to  account  for  the  effects  of  fairing  the  surfaces;  the 
resulting  data  for  the  faired  flap  airfoil  are  found  in  Table 
XXXIII  in  Appendix  IV.  The  modifications  include  effects 
on  lift  coefficients,  pitching  moment  coefficients,  hinge 
moment  coefficients,  and  profile  drag  coefficients. 
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ROTOR  TRIM 


The  CTR  aeroelastic  loads  analysis  produces  a  set  of  forces, 
blade  responses,  and  rotor  performance  for  a  specific  set  of 
control  inputs.  However,  the  forces  produced  are  not 
necessarily  the  forces  required  for  trim  at  the  particular 
flight  condition.  The  method  for  achieving  the  proper  control 
inputs  to  obtain  the  necessary  trim  forces  is  called  the  trim 
program.  Figure  7  is  a  flow  chart  that  shows  how  the  trim 
program  is  used.  Several  initial  cases  are  run,  producing  a 
set  of  forces  for  each  initial  case.  These  forces  are  com¬ 
pared  to  the  control  inputs  in  the  trim  program,  and  a  new 
control  prediction  is  made  based  on  these  comparisons. 

For  a  rotor  system  with  a  single  control  input  (either  pitch 
horn  or  aerodynamic  flap) ,  there  is  a  unique  combination  of 
collective  and  cyclic  control  inputs  which  will  generate  the 
required  trim  hub  forces  at  a  specified  speed.  Because  of 
its  dual  control  inputs,  the  CTR  has  many  combinations  of 
collective  and  cyclic  inputs  that  produce  the  same  trim 
forces.  Thus,  trimming  the  CTR  involves  an  optimization 
procedure.  These  rotor  characteristics  are  illustrated  in 
Figure  8. 

In  order  to  optimize  the  CTR  dual  controls,  one  of  the  con¬ 
trols  is  fixed  during  the  trim  process.  An  iteration  process 
is  begun  whereby  the  pitch  horn  control  settings  remain  fixed 
and  the  trim  program  compares  the  resultant  rotor  forces  with 
those  required  for  trim,  and  modifies  the  flap  controls  to 
achieve  trim.  The  airloads  program  is  run  again,  and  the 
process  is  repeated  until  the  output  rotor  forces  match  the 
required  trim  forces.  Performance  is  determined  only  for 
trimmed  cases  such  that  no  effort  in  this  analysis  is  spent 
on  untrimmed  cases. 
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Figure  7.  Flow  Chart  of  Force  Equilibrium 
Methods  for  the  Controllable 
Twist  Kotor  Analysis. 
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Figure  8.  Control  Input  Combinations  for  Rotor  Trim. 


EVALUATION  OF  ROTOR  CHARACTERISTICS 


CONFIGURATION  OPTIMIZATION 


In  order  to  provide  a  proper  basis  for  comparing  the  controll¬ 
able  twist  rotor  with  conventional  rotors,  an  extensive 
parametric  study  was  conducted  of  many  CTR  configurations. 

Four  different  CTR  planforms  were  considered  in  combination 
with  configuration  changes  to  determine  the  effects  of  built- 
in  twist,  the  aerodynamic  effects  of  a  faired  flap  as  opposed 
to  an  external  flap,  the  effects  of  flap  size  and  location, 
t;he  effects  of  blade  torsional  stiffness,  and  the  effects  of 
control  input.  A  detailed  description  of  the  geometrical 
and  inertial  characteristics  for  each  configuration  is  pre¬ 
sented  in  Appendix  III.  Results  of  the  parametric  evaluation 
are  also  discussed  in  Appendix  III  and  are  used  to  select  an 
optimum  CTR  configuration  for  further  evaluative  comparisons 
with  a  direct  control  rotor.  The  geometry  of  the  optimized 
CTR  as  selected  from  the  parametric  study  is  presented  in 
Table  I. 

In  addition  to  the  CTR  configuration  study,  a  parametric 
investigation  was  conducted  with  a  conventional  direct 
control  rotor.  One  OCR  blade  planform  was  selected  and 
was  used  to  evaluate  the  effects  of  built-in  twist  and 
solidity.  The  geometrical  and  inertial  properties  for  the 
DCR  are  described  in  Appendix  III  as  are  the  results  of  the 
parametric  study  for  this  rotor  system.  Table  I  summarizes 
the  characteristics  of  the  final  OCR  system  which  will  be 
used  as  a  basis  for  comparison  in  the  present  study. 

COMPARISON  WITH  CONVENTIONAL  ROTORS 

To  quantitatively  analyze  the  effects  discussed  previouslv 
and  further  benefits  of  the  CTR  as  opposed  to  a  comparable 
direct  control  rotor  (DCR) ,  over  5000  computer  cases  have  been 
run  for  the  optimized  rotor  systems  described  under  the  sec¬ 
tion  titled  "Analytical  Methods"  in  this  report.  This  in¬ 
cludes  over  400  trimmed  cases. 

Table  I  indicates  that  both  the  CTR  blade  and  the  DCR  blade 
have  the  same  general  planform.  The  CTR  was  studied  using 
four  blades  while  the  DCR  was  studied  with  four,  five,  and 
six  blades.  Otherwise,  the  rotors  are  comparable  in  appear¬ 
ance,  having  identical  values  of  radius  and  blade  chord. 

Both  rotor  systems  were  evaluated  at  identical  tip  speeds. 

A  summary  of  significant  computer  runs  is  presented  in  Table 
II  for  the  CTR  and  DCR  systems. 
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TABLE  I 


Number  of  Blades 
Radius 

Hinge  Offset 
Chord 

Built-In  Twist 
Torsional  Frequency 
Bending  Frequency 
Type  Flap 

Location  of  Flap  £ 
Flap  Span 
Flap  Chord 
Solidity 


ESULTING  CONFIGURATION 


Optimum  CTR 
Configuration 

DCR 

Configuration 

4 

6 

264  In.  (44'  Dia) 

264  In.  (44'  Dia) 

8.25  In. 

8,25  In. 

21.56  In. 

21.56  In. 

-2.0  Deg 

-8.0  Deg 

2.00  Cycles/Rev 

7.11  Cycles/Rev 

3.10  Cycles/Rev 

2.80  Cycles/Rev 

Faired 

- 

89%R 

- 

58.3  In. 

- 

8 . 3  In • 

- 

.104  (no  flao) 
.113  (with  flaD) 
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Figure  9  shows  contour  plots  of  angle-of-attack  distribution 
for  both  the  CTR  and  DCR  four-bladed  rotors  at  a  design  con¬ 
dition  of  180  knots  at  standard  sea  level.  This  design 
condition  corresponds  to  a  maximum  speed  of  150  knots  for  a 
4000-ft,  95UF  day.  As  seen  from  Table  II,  both  rotors  were 
trimmed  out  to  the  same  forces  at  this  condition.  Experience 
obtained  at  Kaman  with  the  computer  analysis  indicates  that 
flight  conditions  resulting  in  calculated  local  angles  of 
attack  greater  than  13.5  degrees  correspond  to  stall  onset 
in  flight.  Therefore,  this  value  has  arbitrarily  been 
established  as  the  maximum  allowable  angle  of  attack  on  the 
rotor  disk.  In  situations  where  the  angle  of  attack  exceeds 
13.5  degrees,  the  rotor  system  is  considered  stalled. 

Obviously  in  Figure  9 ,  the  four-bladed  direct  control  rotor 
is  deep  into  stall  and  cannot  fly  at  this  speed  whereas  the 
four-bladed  CTR  is  not  stalled.  Thus,  in  order  to  design  a 
direct  control  rotor  to  operate  up  to  this  speed,  it  is 
necessary  to  increase  the  solidity  of  such  a  system.  The 
solidity  was  increased  by  considering  both  five-  and  six- 
bladed  rotors.  The  contour  plot  of  a  six-bladed  direct 
control  rotor  is  shown  in  Figure  9.  The  six-bladed  DCR  is 
trimmed  to  the  same  forces  as  the  four-bladed  rotors .  The 
higher  solidity  DCR  now  shows  an  improved  angle-of-attack 
distribution . 

Figure  10  shows  the  time  histories  of  the  section  angles  of 
attack  at  the  blade  tip  and  the  72-percent  radius  for  both 

the  four-bladed  CTR  and  the  six-bladed  DCR  at  a  flight  speed 

of  V  =  180  knots.  These  curves  indicate  that  both  rotors 
are  operating  below  stall.  Figure  11  shows  the  out-of-plane 
airloads  for  these  angles  of  attack  at  the  89-percent  radius 
for  the  four-bladed  CTR  and  the  six-bladed  DCR,  operating  at 

180  knots.  The  four-bladed  CTR  has  higher  blade  loadings 

than  the  six-bladed  DCR  because  of  different  solidities. 

Although  these  figures  show  that  the  four-bladed  CTR  and  the 
six-bladed  DCR  have  similar  performance  characteristics  at 
the  selected  flight  condition,  this  clearly  does  not  con¬ 
stitute  an  adequate  comparison.  In  comparing  these  rotor 
systems,  the  performance  must  be  evaluated  over  the  entire 
flight  range  as  well  as  at  the  design  condition. 

To  accomplish  this  broader  comparison,  much  data  has  been 
generated  using  the  computer  facilities  for  the  optimum  CTR 
configuration  and  for  the  four-,  five-,  and  six-bladed  DCR 
configurations.  These  data  contain  results  obtained  over  a 
range  of  flight  speeds.  The  main  rotor  power  reauired  for 
both  the  CTR  and  DCR  systems  is  depicted  in  Figure  12  as  a 
function  of  flight  speed. 
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Figure  10.  Section  Angles  of  Attack  at  the  Blade  Tip 
and  the  72%  Radius  for  the  4-Bladed  CTR 
and  the  6-Bladed  DCR;  V  =  180  Kts ;  n  =1.0 
Case  Numbers  770-F3  and  550-A3.  z 
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Figure  11.  Out-of-Plane  Airloads  at  the  Blade  Tip 
and  the  72%  Radius  for  the  4-Bladed  CTR 
and  the  6-Bladed  DCR;  V  =  180  Kts ; 
n  =1.0;  Case  Numbers  770-F3  and  550-A3 


As  seen  in  Figure  12,  there  is  an  obvious  reducti/on  in  the 
DCR  power  requirement  due  to  reduced  solidity  in /going  from 
the  six-bladed  rotor  to  the  four-bladed  rotor.  ^owever. 

Figure  12  also  shows  that  the  four-bladed  CTR  requires  less 
power  than  any  of  the  DCR  configurations.  This  /reduced  CTR 
power  requirement  indicates  that  the  CTR  not  only  makes  use 
of  lower  solidity,  it  also  has  a  more  efficient  twist  schedule 
which  results  in  less  power  than  that  of  a  geometrically 
similar  DCR  for  the  same  flight  conditions. 

i 

The  maximum  blade  section  angles  of  attack  for. the  four  rotor 
systems  are  plotted  in  Figure  13  as  a  function  of  forward 
speed.  This  plot  indicates  that  the  four-bladfed  DCR  stalls 
at  159  knots,  the  five-bladed  DCR  stalls  at  169  knots,  and 
the  six-bladed  DCR  stalls  at  180  knots.  The  four-bladed  CTR 
also  stalls  at  180  knots,  a  speed  that  is  equivalent  to  that 
of  the  six-bladed  DCR.  / 

l 

Over  the  flight  speeds,  shown  in  Figure  13,  ihdicate  that  the 
CTR  operates  at  lower  angles  of  attack  than  the  four-bladed 
DCR,  whereas  it  operates  at  higher  angles  of  /attack  than  the 
five-  or  six-bladed  DCR  systems  at  the  lower  speeds.  At  the 
lower  speeds,  minimum  angle  of  attack  at  the  blade  tip  is  not 
an  objective  for  the  CTR.  Rather,  the  goal  is  to  obtain  more 
efficient  blade  loadings  which  result  in  lower  rotor  horse¬ 
power  . 


Horsepower  and  stall  requirements  are  not  the  only  important 
parameters  in  helicopter  flight.  Also  of  importance  are 
vibration  problems  which  result  from  elastic  blade  bending 
responses.  It  is  conjectured  that  the  magnitude  of  the 
elastic  tip  deflection  is  directly  related  to  the  magnitude 
of  the  blade  vibratory  forces  which  govern  ship  vibration 
levels  and  blade  life.  The  elastic  tip  deflections  due  to 
flatwise  bending  are  shown  in  Fiqure  14  for  both  the  CTR 
and  DCR  systems  and  are  plotted  as  a  function  of  forward 
speed.  As  seen  from  this  fiqure,  the  vibratory  bending  tip 
deflections  for  the  four-bladed  CTR  arc  lower  than  those  for 
the  four-bladed,  five-bladed,  and  six-bladed  DCR  over  the 
complete  flight  spectrum.  This  comparison  indicates  further 
the  benefits  of  a  more  uniform  airload  distribution. 
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Figure  13.  Maximum  Blade  Section  Angle  of  Attack 
as  a  Function  of  Forward  Speed  for  the 
CTR  and  DCR  Systems. 
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Figure  14 .  Elastic  Flatwise  Vibratory  Tip 

Bending  Deflection  as  a  Function 
of  Forward  Speed  for  the  CTR  and 
DCR  Systems. 
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The  level  flight  conditions  described  above  for  a  particular 
gross  weight  condition  do  not  indicate  the  maximum  thrust 
capability  of  the  CTR  and  the  DCR  systems.  For  this  study, 
maximum  thrust  at  a  specified  forward  speed  is  defined  as  the 
thrust  generated  by  a  rotor  when  it  reaches  a  local  angle  of 
attack  of  13.5  degrees  at  that  speed.  Comouter  runs  were 
made  specifically  to  evaluate  this  capability  for  both  rotor 
systems.  Results  of  a  few  maximum  thrust  cases  are  tabulated 
in  Table  II;  many  more  cases  are  presented  in  Tables  XII 
through  XXX  of  Appendix  III. 

Few  of  the  high  thrust  cases  could  be  made  to  trim  exactly 
at  13.5  degrees  because  of  computer  time  limitations.  Con¬ 
sequently,  the  calculated  results  from  the  high  thrust  cases 
were  cross  plotted  and  interpolated  to  generate  maximum  thrust 
boundaries  which,  in  turn,  were  normalized  on  gross  weight  to 
define  the  load  factor  capability  of  each  rotor. 

Figure  15  presents  load  factor  as  a  function  of  forward  speed 
for  the  CTR  and  DCR  configurations.  The  region  between  the 
load  factor  boundary  and  the  level  flight  line  (nz  =  1.0) 
represents  the  maneuverability  marqin  for  each  rotor.  As 
expected,  the  six-bladed  DCR  is  capable  of  larger  load  factors 
than  the  five-bladed  or  the  four-bladed  DCR.  The  four-bladed 
CTR  is  equivalent  to  the  six-bladed  direct  control  rotor. 

The  CTR  load  factor  is  shown  as  a  range  of  values  within 
which  the  CTR  can  fly  rather  than  as  a  unique  boundary  because 
the  CTR  can  vary  the  maximum  tip  angle  of  attack  through  its 
elastic  twist  variations.  The  lower  portion  of  this  load 
factor  range  represents  twist  scheduling  for  minimum  horse¬ 
power,  whereas  the  upper  portion  represents  twist  scheduling 
for  minimum  tip  angle  of  attack  conditions. 

The  efficiency  of  the  CTR  is  further  demonstrated  in  Figure 
16,  where  the  maximum  thrus t-to-horsepower  ratio  is  shown  as 
a  function  of  forward  speed.  In  Figure  16,  the  load  factor 
varies  with  forward  speed  and  corresponds  to  the  maximum 
attainable  value  for  each  point  on  these  curves.  The  curves 
are  intercepted  by  the  stall  boundary  where  the  load  factor 
is  equal  to  1.0.  The  CTR  has  a  higher  maximum  thrust- to- 
horsepower  ratio  than  the  four-,  five-,  or  six-bladed  DCR  over 
the  speed  range  considered.  Therefore,  the  CTR  has  sufficient 
thrust  and  horsepower  reserve  to  handle  any  maneuver  condition 
*  within  the  flight  envelope,  and  surpasses  conventional  systems 

havina  50  percent  higher  solidity. 
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Figure  15.  Load  Factor  as  a  Function 
of  Forward  Speed. 


Figures  17,  18,  and  19  show  how  controllable  twist  can  re¬ 
distribute  the  angles  of  attack  and  airloads  at  the  higher 
load  factors.  Figure  17  shows  the  angle-of-attack  contours 
for  the  four-bladed  CTR  and  the  six-bladed  DCR  for  a  load 
factor  of  1.35  operating  at  an  airspeed  of  160  knots.  The 
CTR  contour  plot  shows  a  substantial  redistribution  of  angles 
of  attack  from  that  of  the  conventional  rotor  system  while 
maintaining  the  same  peak  angles  of  attack;  it  has  increased 
the  average  value  of  angle  of  attack  over  the  advancing  region 
of  the  rotor  disk.  Figure  18  shows  the  corresponding  angle-of- 
attack  time  histories  for  the  two  rotors.  These  curves  are 
plotted  at  the  tip  station  and  the  72- percent  radial  station. 
The  CTR  has  increased  angles  of  attack  in  the  fore  and  aft 
azimuth  positions  and  higher  inboard  angles  of  attack  as  com¬ 
pared  to  the  conventional  rotor  system.  This  would  be  in¬ 
dicative  of  reduced  loading  on  the  advancing  and  retreating 
sides  of  the  rotor,  increased  loading  fore  and  aft,  and 
increased  loading  over  the  inboard  stations.  Blade  airload 
harmonics  for  the  above  flight  conditions  are  depicted  in 
Figure  19  in  the  form  of  bar  charts .  At  the  tip  station  and 
the  72-percent  radial  station,  the  2- per- rev  cosine  airloading 
comparisons  indicate  that  the  CTR  substantially  increases  the 
fore  and  aft  airloading  over  the  DCR.  These  redistributions 
improve  the  aerodynamic  efficiency  of  the  CTR  system. 
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CASE  NO.  777-20 


6-BLADED  DCR 
CASE  NO.  571-A1 


Angle-of-Attack  contours  for 
the  4-Bladed  CTP  and  the  6- 
Bladed  DCR;  V  =»  160  Knots; 


TIP  STATION 


Figure  18.  Section  Angles  of  Attack  at  the  Blade  Tip  and 
the  72%  Radius  for  the  4-Bladed  CTR  and  the 
6-Bladed  DCR;  V  —  160  Kts;  n  =  1.35;  Case 
Numbers  777-20  and  571-A1.  2 
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Figure  19.  Out-of-Plane  Airloads  at  the  Blade  Tip 
and  the  72%  Radius  for  the  4-Bladed  CTR 
and  the  6-Bladed  OCR;  V  -  160  Kts; 
n  =  1.35:  Case  Numbers  777-20  and  571-Al 


MISSION  ANALYSIS 


Up  to  this  point,  comparisons  between  CTR  and  DCR  were  made 
for  a  11, 500-pound  utility  helicopter  with  the  flat  plate 
drag  area  of  25  square  feet.  The  comparisons  show  that  in 
order  to  match  CTR  one  g  capability,  the  DCR  requires  a  50  oer- 
cent  increase  in  solidity  at  the  limit  design  speed  of  180 
knots.  This  increased  rotor  solidity  will  increase  signifi¬ 
cantly  the  DCR  vehicle  empty  weight  and  installed  power  which, 
in  turn,  either  will  deteriorate  the  useful  load  at  a  fixed 
gross  weight  or  will  increase  the  vehicle  gross  weignt  to 
accommodate  the  same  lead.  As  was  illustrated  in  Ficrure  12, 
the  DCR  requires  15  to  25  percent  greater  power  than  the  CTR 
over  all  forward  speeds  for  the  same  qross  weight.  Con¬ 
sequently,  the  range  for  a  helicopter  usinq  a  CTR  will  be 
18  percent  greater  than  that  for  the  vehicle  with  reduced 
load  using  a  DCR.  As  was  shown  in  Figure  14,  the  DCR  blade 
tip  bending  amplitudes  are  40  percent  higher  than  those  of 
the  CTR  co  ifiguration  at  the  cruise  speed  conditions  of  120 
to  140  knots.  The  increased  bending  will  significantly  de¬ 
crease  DCR  blade  life  and  increase  ship  vibration  levels. 

This,  in  turn,  will  require  greater  weights  for  the  various 
components  subjected  to  these  vibration  levels. 

A  more  valid  comparison  between  the  two  rotor  systems  can  be 
made  by  sizing  the  vehicle  and  rotor  to  hover  OGE  at  4000  ft, 
95°F  and  to  fly  a  1000-pound  load  over  a  ranae  of  200  nautical 
miles  at  a  cruise  speed  of  140  knots  at  4000  ft,  95°F.  This 
latter  mission  requirement  translates  into  a  maximum  airspeed 
of  175  knots  (10  knots  below  stall)  at  standard  sea  level. 

Using  trending  data  and  a  statistical  weight,  breakdown,  the 
performance  parameters  shown  in  Table  III  were  developed  for 
both  CTR  and  DCR  propelled  helicopters.  As  seen  in  Table  III, 
the  direct  control  rotor  helicopter  has  a  19-percent  increase 
in  takeoff  gross  weight  to  accomplish  the  specified  mission. 

In  order  to  accomplish  this,  the  DCR  vehicle  requires  37  per¬ 
cent  increase  in  fuel  load  and  30  percent  higher  installed 
power.  The  direct  control  rotor  diameter  is  10  percent 
q;  iter  than  that  of  the  CTR  in  order  to  maintain  the  same 
dii>k  loading.  These  performance  benefits  accrue  because  CTR 
can  carry  a  50-percent  higher  blade  loadina  than  its  DCR 
counterpart  without  stalling. 
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TABLE  III.  ESTIMATED  PERFORMANCE  PARAMETERS 
AND  WEIGHT  BREAKDOWNS  FOR  THE 
MISSION  ANALYSES  COMPARING  THE 


|  4-BLADED  CTR  TO  A 

6-BLADED  D 

™ _ _ 1 

Aircraft  Performance  Parameters 

DCR 

CTR 

Rotor  Diameter  (ft) 

48 

44 

Solidity  (0)  _ 

.156 

.104 

Drag  Area  (ft^) 

28.3 

25 

Installed  Power  (Mil  SL  59°F  Rating) 

(HP)  , 

4520 

3500 

Disk  Loading  (lb/ffH 

7.56 

7.56 

Blade  Loading  (lb/ft*) 

48.5 

72.8 

Main  Rotor  Tip  Speed,  QR  (fps) 

661 

661 

Hover  Powe’’  Requirements  (OGE.  4000  ft 

/ 

95°F) 

2000 

1700 

Hover  Power  Available  (4000  ft,  95°F) 

3200 

2500 

Statistical  Weight  Breakdown 

DCR 

CTR 

S_ructures,  Rotor,  Transmission 

6120 

5360* 

Equipment 

850 

790 

Twinned  Powerplants  &  Installation 

2050 

1680 

Fuel 

3380 

2460 

Fue  System 

300 

210 

Mission  Load 

1000 

1000 

Takeoff  Gross  Weicjht 

13700 

11500 

♦Includes  CTR  Weight  Penalties;  80  lb 

for  Flaps 

and  Mass 

Balance;  170  lb  for  Duplicate  Control 

• 
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CONCLUSIONS 


The  following  conclusions  are  made  as  a  result  of  the  mission 

analysis  comparing  the  controllable  twist  rotor  (CTR)  to  a 

conventional  direct  control  rotor  (DCR)  that  is  sized  to  per¬ 
form  the  stated  mission: 

1.  The  CTR  requires  a  30-percent  decrease  in  solidity  to 
match  the  DCR  1.0  g  capability. 

2.  The  CTR  requires  15  percent  less  power  than  the  DCR  over 
all  forward  speeds. 

3.  The  CTR  propelled  helicopter  has  an  18  percent  greater 
range  than  that  of  a  DCR  propelled  helicopter. 

4.  Blade  bending  amplitudes  on  the  CTR  are  30  percent  lower 
than  the  blade  bending  amplitudes  on  the  DCR  at  cruise 
speeds . 

5.  The  lower  CTR  blade  bending  amplitudes  result  in  sig¬ 
nificantly  increased  blade  life  and  reduced  ship 
vibration  levels. 

6.  The  CTR  helicopter  gross  weight  is  15  percent  lighter 
than  the  DCR  helicopter  gross  weight. 

7.  The  CTR  diameter  is  10  percent  less  than  the  DCR  diameter 

8.  Installed  power  on  the  CTR  helicopter  is  25  percent  less 
than  installed  power  on  the  DCR  helicopter. 

9.  CTR  hover  power  requirements  (OGE,  4000  ft,  95°F)  are 
15  percent  less  than  those  of  the  DCR. 
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APPENDIX  I 

MATRIX  TRANSFORMATIONS 


The  following  is  a  list  of  matrix  transformations  used  in 
Equations  (4)  and  (5) . 
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where  <tu  =  cosine  u 
$  «  sine  u 
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NONLINEAR  RESPONSE  EQUATIONS 


Flapping 
t 


'  X  **  -  (el‘I']*tS  -  <r22  +  r25>  <t6)  <tc)  n!  +  {(ej-aj)  (r^ 

-  (r22  +r25>  *6’  +  >r4  -  r50  -2f54  *  r58)  M.*  ir„  +r 


50  “*  54  *  58J  ‘*'8'^  14  42  "*45 

ql*  2 

■(r46  +r49)]  (V  ”  V)}  (fl  +  «>  +  2{tr42  +r45 


ql‘ 


(r46  +r49)J  $8  “  Ir50  +  2P54  +  rS8J  V  (n  +  5)S 
+2  ^6^8  “  ^  ^4  +  ^An^/ + 


34  "  ‘4O^(0+5)t  u  35  r41)^(0+^  V  (fl 


♦*>  a 

+2  { 

-<r  -93 

u  9  2 

r8»  *B 

+  [ (r26  +  r30) 

+(r27 

+  r31> 

V 

$g}<  O+C)  q 

2  +  2{r 

51  "r53  +  r55 

-  r57}§§ 

+2{ (r35  +  r 

41)(^{Q+6)“ 

,r34  + 

r40)?(8+6j^  + 

2{_qir21 

(r27 

+r31 

>  -te  +  <r2« 

+  r30> 

^0^0ql  +  {r42 

+  r45 

(r46 

~r49> }§I  + 

2(rs) 

(6+  5)  6  +2  {- 

r9 

<32  ! 

2 

V 

+  {'rie 

*  ’I  r 

7  +  ri3}ql2  + 

Ur44-  r43 

-31  ’ 

■  ~r 

(r48 

r47)1  $6 

f  lrsi 

r53  +  r55  ~ 

r57J 

+  {r4  +  r50  +2r54  +r™>  i  +  (r 


54  1  58 ■*  P  "  1  *43  "  r44 


-T  <r48 


“  r^)}  0+  {'r5)6  +{ri0  -  4-  r7  -  qi^46  +r49>)ql 

+  {e3S43  "  I5  “  Z26}  9tw  +  {"2(e32M27  +  I12  “  2e3S47 

+  e2  ( e3M2 6  ”  S14'^0tw  <31) 


+  135}0tw  +  {e3S43  ’  ZS  '  1 


26 


53 


First  Flapwise  Bending 

/  |i!  X  dm  -  <-eirw$?  +  .jhjlSjj  +  s36)$e+  r15$e]  $;)  tt‘ 

+  (<e2  -  e3)  lq3(s10  t  s36)  (te  +  rl5  $ei  ♦  q1r21^e! 

ql2  2 

*  (riO  -  -r  r7>  Mb  *  "r27  +  r31>  *6  -  (r26  +  r30>*e)*B 

*  <5lSr46  •  r49>  Vb  '  (r28  -  r30>  *9  ‘  <r27  '  r29>  V  (!1 

.2  q,2 

*  «  +  2{(r9  -  -ji  r,)  *8  -  t(r26  +  r30,  t6  +  <r27 

*  r3i>  *o>  ‘te1 111  +  5  *  2(-r2o$e  +  qi(r46  +  r«9>  V(n 

+  «>  5  +  2<qlrl3*B  +  I3sMe,(n  +  «>  5  +  (V21  +  (l'27 

+  r31>  *6  ‘  (r26  +  r30*  V  S’*  2{-<2l(r47  *  r48>»  «« 

+  2(qlI'l4)  *  ,'r20)  ^  +  {S30*S)(2®  +9<5  +(ql(I21 

*  S39,J  V  +  f-rl7>  6  +  (-  +  <-te2  -  e3)  r16 

2 

-  Ir9  -  4-  r8  -  ql'r47  -  r48>l  ♦b  '  ri7  VC  +  (riO 

'  T  f7  *  ql<r46  +  r49>>  6  ♦  <<«4  +  M20l  ♦  V  (Ijj 
+  S39>>  ql  +  <*3M34  -  S15  -  s54>  \w  *  <*3M37  '  sl8 
+  S55  ’  S57  "  e3M35  +  S16*  9tw  (32) 
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Feathering 


/  H-  x  dr.  -  tejitr^  ♦  r25)  -  ,r23  -  r24)  n! 

*  (-(e2  -  el)(r23  -  r24)  tB  -  tr43  -  r„  ♦  2§I  (r48 

'  r47)J  ^0  +  [r51  '  r53  +  P55  ’  r57]  +  C)  * 

2 

+  2Ur50  +  2r54  +  r583  *6  ‘  [P42  +  F45  "  T“  (P46 

+  r49)  $6>(«  +  c>  6  4-  2 {-r 2$e }  (n  ♦  b  l  +  2{-  qitr46 

+  r49J  ^6  +  r2oV(n  +  ??  qjL  +  2{ r53  -  r51  +  r57 

“  r55}  S  +  2{<3l  tp47  “  r4SI}  +  2{-r2>(6  +  ^  * 

2 

+  2(r20>  *q3  -  <r43  -  r44  ♦  2i_  <r48  *  >47>)  e 

+  {-r17}  qx  +  {ri9>  9  +  {r3>  6  +  {  (e2  -  tr25 

q,  2 

+  r223  +  ^42  +  r45  -  —  (r46  +  F49>3  *6  +  ‘19V< 

+  (e32M24  +  In  -  2e3S44  +  I34}  0tw  +  (-e32M27  -  i12 

+  2e3S4?  +  l35  +  e32M29  +  I14  -  2e3S49  +  I3?  -  1.0}  0fcw 

(33) 
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Control  Flap 

;  *  310  "  {“el{riA  "  ri2$c)}  n  +  {“(a2  "  ei>  rn$0 

r5^8^B  +  t(r34  +  r40)^{8+6)~  {r35  +  r41}$ (8+6) 3 $e 
*  [(r36  ‘  r40^(6+6)+  (r35  “  r39)(^  +  >  <«  +  C)  *  +  2{ 

"  r6$8  +  l(r34  +  (r35  +  F4r$  (e+fi)  ^6 >  W  + 

+  2{r2$B)(n  +  O  e  +  2  {-qi  r13t0  -  s30*e^}(fl  +  b  ^ 

+  Ur34  +  r40)l(e+6)“  (r35  +  r41)<I:(0+6)>^  +  2^ri4>  8<3 
2 

+  (r2)  8  +  2(  -Sj^teqj  4  (<«2  -  ej^)  r12  4  r6cB 
+  r3*a)c  4  f-r5>e  4  {r3)  e  4  <i28>  i  +  (-s30*6)  q3 

4  (-e3S41  4  I34}  8tw  4  (e,s47  -  I35  -  e3s49  4  !„> 

(34) 
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.)  .1  i.im  .  .m  i 
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Lead-Lac 


H  ^ m  "  {e1(e2  -  ex)  $c(M1  +  Mg)  +  e1ir1^g$?  +  (r22 
+r25^  “  ^23  "  r24^  ^  ^  +  2Ue2  ~  el^“ri$g 


+  ( r22  +  r25)  <fg]  -  r4$6<j:6  -  [r 


+  r49)1  (*/  "  ^2)  +  >r«  +  2r 


qi 

42  +  r45 ' 4"  <P46 


Pfta^  ^  $  ft  ^  (H  +  c)  3 


54  58J 


+  2Ue2  "  Gl]  (r23  "  r24)  ^8  +  rr43  P44  +  ~T“  <r48 
‘  r47)J  Me  '  (P51  ‘  r53  +  P55  "  r57J  *  0  *  >  (fl  +  £)  0 

^{(e2-ex)  ru*e  +  Wb  -  [(r34  ♦  r40)$(e+fi)-  (r35 

2 

+  r4i)lt(e+s) '  *6  "  (ri5  ■  r39,lt(8+6)-  ;r36  -  r40>$ (e+a) )  (a 

,i,i*  2t~  <*2  '  ellir!5*6  +  qlIS6  +  S22>  *6>  '  VjlV 

"  ql(r46  *  r49>  ^8*6  "  <riO  '  -J-  r7>  ♦e^S  +  llr26 
+  r30>  *0  -  <r27  *  rn’  fel  h‘  +  (r27  -  r29»  *6 

+  <r2«  -  r3o'  V<n  +  i)  q!  *  <-tr43  -  r44  +  <r,e 

r47n  ♦b  ■  lr51  "  r53  *  r55  ”  r57>  V  +  2Ur52 
-  2f54  +  rS6>  V  65  +  2(<r36  -  r40"f(9+{)-  ‘r3S 
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Lead-Lacy  (Continued) 

-  r39>*,6+{>)»  *  2,1<r27  -  r29)  *e  ‘  (r28  -  r3„)  ^ 

*  qi(r47  '  r4e>  V^i  *  ( Ie2  -  Sl)  (r23  -  r24)  +  tr43 
qi2  .  2 

r44  +  ~2~  (P48  "  r47)]  rft}  6  +  {  (e2  -  ei)  T ^ 


r2$g>(26  +  h)  $  +2{-(e2  -  ei)  Tj 


15  "  lrio  ‘  ir  r7i  ^ 


+  r2o*8>%  +  ur48  -  r47]  }  4/  +  {- [r43  .  ^ 

qi2 

2  {r48  -  r47)]  +  tr51  -  r55  +  r  -  r  J  <K)  6 


+  {  (e2  '  el}  <r25  +  r22}  +  <r 


'42  +  r45  ‘  —  (r46  +  r49)  3  <fg 


+  ri9$e}  6  +  {{e2  -  el>  ri2  *  r6^6  +  r3*B}  «  +  ("<•. 


“  ei}  ri6  ~  (r9  -  -f  V  <Pg  -  q_l(r48  -  r4?)  ^ 

~  ri7Vql  +  Ue2  -  e1)2(M1  +  Mg)  +  2(e2  -  [r^ 


+  (r22  +  r25)  V  +  Me2  ♦  tr42  +  r45  -  !$-  (r46 


+  r49,J  ^8^8  *  r52  +  r56  +  r50  +  F58  **  [r50  +  2r54 
+  P58]  <fg  3  C  +  {(e2  -  e1)(S13  -  +  s45>}  0^ 

+  {-2(632m28  +  *13  -  2«3S4S  +  136>}  «tw  +  <-i«13 
’  63M25  +  S45)}  etw 


t 


Twisting 


tw 


X  dm  - 


te3  M28  +  J13 


2e3S48  +  X36}  +  telS13 


-  e1e3M25  +  el®45 '  n  i  *  <*3S43  -  I$  -  l26  *  «2 (e^M^ 

-  s14  -  s46i)  n!e  7  (-e32M27  -  i12  7  2e3s47  +  i35 

+  e3  M29  +  *14  '  2e3S49  +  I37)  0  8  +  ,e3S47  "  *35 

e3S49  +  I37)  n  4  +  (e3M37  "  si8  "  s57>  s  l31+  (-e3  M31 


-  Iu  7  2e3S51  7  I39  7  (e3  M33  +  I18  -  2S3S52  7  I41)  ,7  «tw 

+  2(e3  M28  *  I13  ”  2e3S48  +  !36}  n  4  +  2(e3  M27  +  xi2 
"  2e3S47  +  I35)  *  {(e2  "  el)IS13  '  e3M25  +  S40> 

+  *4  '  e3S42  +  hs1  C  *  (slS13  "  ele3M25  +  elS45>  6 

7  te3!M24  7  Iu  -  2e3S44  7  l34}  0  7  (l34  -  e3s44)  5 

+  (C3M34  '  S15  -  S04>  V  ^3M30  +  *15  '  2e3S50  +  0tw 

(36) 


The  substitution  parameters  used  in  Equations  (31)  through 
(36 )  consist  of  convenient  groupings  of  various  inertia 
integrals  as  defined  by  the  following  relations. 
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r  — 

*  1 

S1  +  S19  - 

(V2,<sio  ■ 

f  S36 

) 

r  2  " 

'e3S2A  + 

'31S30<^6 

r  3  - 

~e3^24^6  ‘ 

qlS30^  * 

T28 

r  4  " 

h  +  *22  - 

ql(l6  +  121)  + 

(qJ/4)  (In  +  S39) 

rc  » 

o 

'I23^(U+6) 

+  I24<^  (6  +  6 ) 

+  (i 

?l/2)(I42*(0+6)  " 

I43(^  (0+6) 

r  “ 

‘  6 

I23(f(5  +  5)  +  I24^(0  +  6) 

-  (g 

l/2)  (I42^ (0+6)  +  1 

43$ (6+6) 

F  7  " 

<SX2  *  s4i> 

^6  ~  <S11 

+  s40>  *a 

F  8  " 

(S12  *  S41> 

$g  +  (SX1 

+  s40>  te 

F  9  ~ 

{■33  +  S23) 

$9  +  <s2  + 

S22} 

te 

rio  " 

(S3  +  S23> 

*e  ‘  (s2  + 

S22} 

♦e 

'll 

S26*  0  +  5) 

S25^(6+(S) 

P12 

S26$(8+6) 

+  S25^{0+6) 

f13  - 

142<f '6  +  6) 

+  *43$ (0+6) 

r!4  - 

I42^(8+«) 

1 4  3^  <  9  +  5 ) 

1  15 

W3  *  MX6> 

^  -  <m2  + 

Mi5) 

*8 

r!6  “ 

,M3  +  M16> 

$0  +  (M2  + 

mi5) 

*e 
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r 17  "  -e3M14  +  S6  +  S30*6 

ri8  “  -e3^S37^e  +  S38^6^  +  I19<^0  +  X20^9 

ri9  “  ^“s  +  X7  -  2e3S24*5  +  J28  "  2qlS30*6  +  ql  (M4  +  M20> 
P20  =  %tM4  +  M2o'  ~  S30^6 


21 

=  *6  + 

I27  _  (q  ^ 1 21  +  S39) 

22 

=  (S4 

-  e3M9)  $8  +  q1(M2  +  M^)  $ 

0  +  S 

25^  (0  +  6) 

r23 

-  (S5 

“  ^0  +  ^m3  +  Mi6> 

*0  + 

S26<!:(0  +  6) 

r24 

=  (S4 

-  e3Mg)  $Q  -  <#H2  +  M15)  $ 

0  +  S 

25^  (0+6) 

r  25 

-  (S5 

e3M10^  $0  ”  ^M3  +  M16^ 

*0  + 

S26$(0  +  6) 

F  26 

-  (S7 

-  e3Ml7)  ^0  +  *{M5  +  M21) 

$9  + 

S33^  (6  +  5) 

r27 

'  (S8 

e3M18)  ^0  +  qfM6  +  M22^ 

*0  + 

S34^ (0+6) 

r28 

”  <S9 

e3M19 ^  ^0  +  q]fM7  +  M235 

$e  + 

S35^(0+6) 

r29 

“  (s? 

-  e3M17)  $0  -  ql(M5  +  M21> 

$6  + 

S33$  (0  +  6) 

P30 

-  (S8 

e3M18 )  $6  ~  ql(M6  +  M22} 

*0  + 

S34$(0+6) 

F  31 

-  (s9 

e3M19^  $0  ~  %^M7  +  M23^ 

+ 

S35$(0  +  6) 

P32 

“  “e3 

S25^9  +  qlS31^9  +  I29^  ( 0+6 ) 
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r33  “  "e3S26^8  +  qlS32$9  +  I30<^  (e  +  6) 

r 34  ”  ‘e3S27^e  +  qlS33$9  +  T31^ ( 6  +  6 ) 

F 35  e3S28^6  +  qlS34$0  '!'  I32^(6+6) 

r36  =  'e3S29^6  +  qlS35^9  +  I33^ ( 0+6 ) 

r37  =  _e3S24$0  '  qlS31^9  +  I29^(9+5) 

r 38  =  “e3S26$0  “  qlS32^6  +  *30$ (0+6) 

P 39  =  _e3S27$0  “  qlS33^6  +  I31^(9+6) 

r 40  =  -e3S28^6  "  qlS34^6  +  T32$(e+6) 

r41  “  “e3S29^0  “  qlS35^9  +  I33^(9+6) 

r42  =  **2  ”  e3S20}  ^0  +  ql(S2  +  S22}  $0 
r43  =  (I3  “  e3S215  ^0  +  ql<S3  +  S23)  $0 
r44  ”  (I2  “  e3S20)  $0  "  ql(S2  +  S22)  ^9 
r45  "  (I3  *  e3S21}  *9  "  %<s3  +  S23)  *0 
r46  =  (I19  _  e3S37)  ^0  +  %(SH  +  S405  $ 
r47  “  *I20  "  e3S38)  ^9  +  ql(S12  +  S41J  $ 
r48  =  (I19  "  e3S37}  $0  "  ^ll  +  S405  ^ 


+  I23(^(0+6) 

+  I24<^(0+6) 

+  I23$(0+6) 

+  I24$(0+6) 

0  +  I42(^  (0  +  6 ) 
0  +  I43^(9+6) 
0  +  I42^(0+6) 


C  2 


(I20  “  e3S38}  $0  "  qlfS12  +  S41)  ^0  +  I43$(0+6) 

{(e3  +  Ig)  <f  0  +  2q1(S7  -  e3M1?)  $et0 

+  qX(M5  +  M21)  $  Q  2e3S27<^9<t:(e  +  6)  +  2q1S33$e<t  (e  +  5) 

*  I31<^  (9  +  6)  } 

*  (e3  M12  +  I9)  ^  0  +  2ql(S8  "  e3M18)  $0^0 
+  qi(Mg  +  M22)  $  0  2e3S28^0^(0  +  6)  +  2qlS34^6^  (0  +  6) 

+  132<f  (0  +  6)  } 

•  {(e32M13  +  I10)  +  2qi(S9  -  e3M19)  $0*e 

+  2e3S29<t:e4:  (Q+6 )  +  q1CM7  +  M 23}  $  0  +  2qlS35^9^  ( 6+6 ) 

+  I33<^  (0  +  6)  } 

{  [  (e3  Mi;l  +  Ig)  -  qi(’,l5  +  M2i^  $0^0  +  q!(e3M17  _  S75 
-e3S27^ ( 20+6 )  “  qlS33^ (20+6)+  I31$(0+6)  ^(0+5)} 

=  {[(e32M12  +  I9)  -  q2(M6  +  M^)  ]  $0<j:0  +  -  Sg) 

_e3S28$ (29+6)  "  qlS34^(20+6)+  I32$(0+6)  ^(6+6)} 
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TABLE  IV.  MASS  INTEGRALS 


M1  -  ' 

drn^ 

M 

W14 

“1 

'i’oa,n2 

»2  -  J 

4>o$0  dm1 

X 

M15 

= 

^0xdm2 

m3  -  ' 

M16 

“1 

*o$Qxdm2 

M4  “  ' 

^02dmi 

M17 

■  J 

’Me/*®2 

m5  - 

M18 

= 

M6  ^ 

M19 

=  j 

rVte/dm2 

M?  - 

M 

20 

"J 

['Cdm2 

M8  "  . 

dm2 

M 

"21 

| 

[♦o2*e,!dl”2 

Mg  ° 

'*e,dm2 

M22 

M10  - 

M23 

— 

M11  - 

|*e/a,n2 

M24 

“ 

j^tw^ 

M12  " 

M25 

= 

M13  " 

J*e/dm2 

M26 

-- 
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TABLE  V.  STATIC  MOMENT  INTEGRALS 


67 


TABLE  V  -  Continued 


TABLE  VI  -  Continued 


GENERALIZED  FORCES  (Continued) 


Y  c  <x  -  e2>  rr_  ,  3c*  ,  .  c  . 

i  /u  __  {[ct  +  Jf-  6  +  —  (—  o 

o  o  RU  3a 

?Cn  .  3c, 

rr  {>i*«  *  <cd +  jt  6>*»  }  d* 

36  v 


t  3c  3c 

Y  r-2  C2  me  ,  .  C  ,  m9 

2/u  3-r5-  {cnu  +  "5T“  6+  —  f— 


»  *>■  -  _  II  I  A 

o  o  e 


RU  )a 


JC 


m. 


^  ~  3c£  •  3c* 


H  ;  -a  f  ,  C  .  X.  •  *.  x 

^  C  RU  3a  60  a 


o  b 


3c. 


(cd  +  6)$a3  ]  dx 


y  /U2  — (c 
2  coRao  m6 


3  c  3c 

m  -  mx 

0  6  +  -S-  (—4  6 


3c. 


m 


6  v  ^6^C  c  ,vv'£ 


3c, 


RU  3<$ 
3c, 


Da 


a)  +  [Cj  +  r  «  +  -  (—  a 

c  RU  3  a 


3  c,,  .  3c,  .  3c„ 

-  §r<^5  ♦4£^i*>»  dx 

d  u 


2  c ( x  -  ex) 

x  /15  - - 

i  c  a 

o  o 


RU  3a 

3c. 

3c, 

fc£  +  93—  5  +  ~ 

£  36  RU 

3a 

JT  '6]]$<t>  ~  lca  +  JT’  6](^>  }  dx 

V  V 


(37) 


(38) 


(39) 


(40) 
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Qq  =  Yyjj2  C  {  +  3ci  6  C  f  3c&  * 

Tn7  2/u  c  a  X  ic«,  +  57“  6  +  ~z  {~  a 

^  i  “  O  o  RU  a 


3c.  3c, 

J"ta+  •Cd  +  Ud4l*«>  4* 


(41) 


Qq  _a  8c  3c 

9tw  y  .—2  c<J)tw  r  m6  f  c  ,  mH  • 

-  2  /U  5-R-  {cma  +  IT  6  +  —  I— “  a 
I,u  o  a  6  rii 


B 


9c 


m 


6 


•  i  •»  o  a  '  0 

-L  O 


+  — ~  <51 

RU  3o.  36 


^a  c  3ct  •  3co  •  3c, 

+  c*  +  “  (—  a  +  —  6>  +  <cd  +  inr6,*-J}dx 


RU  3a 


3& 


where 


“ =  6  *  9x  * tan_1  -f'it H 

*  4 +  &  §£  + 


tw 


(42) 


UD  =  nm»*8  -  (x  -  e,  -  /'«,'2dr)^  -  <t0i„  *4  Si 


di>  Ye  +  9  R  d* 


+  $9+B  R  qldiJ>  " 


(43) 


Ut  =  ^R(e1  +  [e2  -  ex  +  (x  -  e2 - /£<J> '  2dr)  <t 

+  u$  -  !l?  *  de  .  _1  i  fli  J 

r  ^e+e  r  *e+e  dtp  ' 

X  X 

2  2  2 
u  =  ur  +  U 

t  P 


6(1  +  if  > 


(44) 

(45) 
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Qq  _  y  rrj2  C  r  9cjt  ,  ~  3Cr 

T77 ' 2/U  c~a~  T  {cz  +  7T~  6  +  ;t  a 

o  o  RU  3a 


(A, 

—  a 


3c£  r  .  3c. 

+  JT  ^  +  tCd  +  «!*«>  dx 


(  41) 


°etw  v  -2  c*tv  9Cmfl  „  "'A 

=  T  /u  (cm  +  — r-T6  *  ■  c  '  0 

I,fl2  2  coRa  m6 
i  o 


e 


Sc 


m  f 


9c 


m 


6  +  ^  [_JL  a  +  - 0  h) 

RU  9a  96 


+  ^lc‘  +  ^(^“  +  Tr'>  ♦  “a  ♦  S8*'*.”- 


0C£  .  3c£  •  9c. 


9<$ 


where 


a  =  6  +  e  +  tan"1  ^  +  (I  +  -Si.)£_  <li 


U, 


‘2  c  '  U  diji 


+  (I  +  --3-t.  fS  (£...»  ,Ac)n  da  d6  M  ^ 
2  c  +  Ac  U  cHT  dil  tw 


tw 


(42) 


up  -  <*  -  s2  -  q-i- /V2dr,§§  -  *6+e 


$e+exi  qid^  ~  WM^} 

(43) 

2 

fiR{e^  +  [e2  -  +  (x  - 

?2  -  4-  'o^'V1  +  3? 

„*  -  lif  t  Si  . 

fiHC  R  S’0  +  ex  <3^ 

1  x  dqi 

—  *6*6  d*  1  <4«> 

X 

.,2  .2 

U.  +  U 
t  p 

(45) 
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APPENDIX  II 

LINEAR  EQUATIONS  OF  MOTION 


This  appendix  contains  the  linear  equations  of  motion 
with  the  definitions  of  the  inertial  portions  and  the 
dynamic  portions  of  the  linear  coefficients. 


along 

aero- 
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LINEAR  RESPONSE  EQUATIONS 


(C  +  T)la9  +  (C  ♦  T)lae  +  (C  *  T)1(3  +  (C  +  T)li4^ 

+  (C  +  T)1i5^+  (C  +  T)1(rt+  (C  +  T)laC 

+  (C  +  T»l,8'  +  <C  +  T>  1,9C  +  (C  +  T>1,1()S 

+  ,c  +  *  ic +  t)1126  *  (c  +  t)113; 

+  (C  +  T)l,14;  +  <C  +  «1,  15S  +  IT  *  T>l,165tw 


+  (C  +  T)l,176t„  +  <C  +  T>l,186t„  +  lC  *  «1, 


19 


-  0 


(C 

+ 

Tl2,l 

0 

+ 

(c 

+ 

T)2,2 

t» 

(C 

+ 

T)3.1 

e 

+ 

<c 

+ 

3, 2 

•t 

(C 

+ 

T)4,l 

e 

+ 

(C 

+ 

T)4,2 

ft 

(C 

+ 

T15.1 

e 

+ 

(C 

+ 

T)  5,  2 

(c 

+ 

Tl6.1 

it 

e 

+ 

(C 

+ 

T)6,2 

(C  *  T)3a9  0 


(c  +  t)4_19  -  0 


a.  Primes  indicate  first  and  second  derivatives  with  respect 
to  azimuth. 

b. Coef f icients  C  and  T  are  defined  in  the  equations  on  the 
following  pages. 


r 


LINEAR  INERTIAL  COEFFICIENTS 


'1,1 


Pitch  Degree  of  Freedom 
e3  ^8  +  I7  2e3^24  +  *28  +  *  \i 


'1,2 


Vfi 


"1 , 3  “S3  M11  “  *8  +  2e3S27  "  *31  +  e3  M13  +  *10 

+  I33  +  1/9.  +  { K  c  +  K 


e  1  lxe.  ,  +  K<s.  6  e} 

input  input 


2e3S29 

2  _ 

A  <fc„  M 
t2y  w 


'1,4 


e3M14  -  S6  “  S30 


1,5 


-  0 


'1,6 


'1,7 


e3M19  ‘  S9  "  S35  +  S33  =  e3M17  +  S7 
(e2  -  el>  <S4  -  e3M9  +  S25)  +  I0  -  e0S_  +  I 


320  T  23 


+  Jti  M  (r  -  e, ) 
Yy  w  '  m  1' 


1,8 

2(e3  M12  +  I^ 

2e3S28 

1,9 

“  (el®4  "  ele3Pr9 

+  S1^25 

input 


K 


6c)(1/n  }  +  £eARw 


'1,10 


'input  **  A  y 

(e3^21  "  *3  “  *245  *  (rm  “  el)  *$YHW 


'1,11 


2(e3  Mn  +  I8  -  2e3S2?  +  I31) 
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LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


Cl,12  “  e3521  *3  r24  +  e2(e3M10  "  S5  S26! 

+  (i/n2XKs  Ve-K6.  V  '  <rn>  '  el>  l* 

input  input 


1,13 

I28  "  e3S24 

1,14  = 

0 

CZK 

1,15 

e3®27  "  *31 

e3S29  +  133 

1,16  “ 

e3  M24  +  I11 

‘  2e3®44  +  1 

1, 1?  " 

0 

1  sc 

1,18 

2 _  _ 

~e3  M27  '  I12 

+  2e3S4?  +  r 

input 


34 


35  3  *29 


14 


-2e3S49  +  I3? 


•1,19 


*  e3  M12  +  I9  2e3S28  +  J32 


(1/n  HKeeo 


+  K 


0input(ec  +  91*>  +  6  2^  +  6  3  ^  2  ip  +  B4W 


'\nPU>,S=+6^  +  5^+6^+S^,) 

+  «cr/«!  -<1/2>1!*2y5w 


LINEAR  INERTIAL  COEFFICIENTS 


Bending  Degree  of  Freedom 


C2,l  e3M14  S6  S30 


C2,2  =° 


C2 , 3  e3M19  “  S.9  +  S33  "  S35  "  e3M17  +  S7 


C2 , 4  M4  +  M20 


/n 


{e2(S10  +  S36)  "  e3S37  +  X6  +  I19  +  X27  +  I42 


2  2 


-  m6  -  m22  -  m5  -  m21  +  IM4  +  m20] (U  n/fl  )} 


elM2  +  elM15  “  e2M2  "  e2M15  ‘  S2  "  S22 


-2<s8  -  e3M18  -f-  S34) 


C2,9  "el(M2  Mr5] 


C2 , 10  S3  +  S23 


C2 , 11  2(S7  ”  e3M17  +  S33} 


C2 , 12  “  e2M3  +  e2M16  +  S3  +  S23 


C2 , 13  =  ”S30 
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LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


C2, 14 

-  0 

C2 , 15 

“  *33 

C2,16 

“  6 3^3 4  "  ®15  “  ®54 

C2 , 17 

-  0 

C2 , 18 

“  e3R37  '  ®18  +  ^55  " 

C2 , 19 

“  e3S18  ^8  “  ^34 

Lagging  Degj 

C3,l 

“  (e2  ‘  el> (§4  "  e3R9 

C3 , 2 

2 

- 2(e3  M12  +  I9  -  2e 

C3 , 3 

“  e1^4  ”  e3^9  +  ^25^ 

C3,4 

“  ~  (e2  -  (M2  +  M1 

C3 , 5 

=  2(Sg  -  e^M^g  +  S34 

C3 , 6 

"  "el(R2  +  R15} 

2 

C3,7 

-  (e2  -  e1)  (Mx  +  Mg) 

'320  23 


input 
*2  ~  ^22 


ve 


input 


V 


V  T  19 ' 


+  e3(e3R13  -  2§'29)  +  +  r10  +  l22  +  1 33 
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LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


Flapping  Degree  of  Freedom 


e3S21  *3  *24 


-2(e3  Mn  +  I8  2e3S27  +  I31) 


e3^21  I3  *24  +  e2(e3M10  ~  S5  S26) 

+  U/fl‘><R6.  «e«B  -  V 


input 


input 


C4,4  S3  +  S23 


C4 , 5  “  ~2(S7  e3M17  +  S33J 


C4 , 6  “  e2M3  +  e2M16  +  S3  +  S23 


C4,7  "  e3M12  +  *9  2e3^28  +  *32 


-2((e2  “  e3) (S^  -  e3M9  +  S25)  +  e3S20 


d/n  ){Ke.  e6e;+K5.  /bV 

input  s  input 


'4,10 


X1  +  *22  +  e3  M11  +  I8  2c3S27  +  I31 


'4,11 


'4,12  ”  e2(Sl  +  S19)  +  *1  +  *22  "  e3  M11  X8  +  2e3S27 
-  T_.  +  u/q2){k„  +  ka  e  2  +  ka  6 

31  "  9input  3  input  3 


81 


LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


82 


LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


LINEAR  INERTIAL  COEFFICIENTS  (Continued) 


C6,14  “  0 


'6 , 15  *  e3S47  ~  I35  “  e3S49  +  *37  "  (1/n  )K6.  6e 

.input 


'6,16 


e3  M30  +  I15  '  2e3S50  +  I38 


'6,17 


0  +  te3  M33  +  I18  “  2e3S52  +  I41}Ctw 


'6 , 18  e3  M31  ”  116  +  2e3S51  +  *39  +  {e3  M33  4  1 

-  2e3§52  +  T41)utw2/Q2 


6,19 


e3  M28  +  I13  "  2e3S48  4  I36 
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LINEAR  AERODYNAMIC  COEFFICIENTS 


Pitch  Degree  of  Freedom 


Tl,l  "  0 


Tl,2  “  “^2 


|  (c'u 


/c  R  a  ) (?c  /da)  dx 
to  o  o  mQ 


Tl,3  “  "Y/2[CUt0!(5a^°oRao»dx 


Tl,4  -  0 


T  -  Y/2[(c  VVo*  H  <2Bt  V6*  -  °o  1 

i  o  m 


+  xex  +  ut  )  +  2ut  excm  }dx 

o  O  o 


T1 , 6  -  0 


T  =0 

1,7 


Tl,8  "  'Y/2 


f(c  /cQRao) { (5aa/c) [2Ut  (0x  -  aQ  ’  +  X] 

o  m 


+  2U  c  ) (x  -  e, )  dx 
t  m  l 

o  o 


\  9  =  ~ Y/2  f (c  /c0Ra0){(5aa/c) [2Ufc  (6X  -  a  )  +  A] 
'  J  o  m 

+  2U  c  }  4  dx 
t rn  x 


o  o 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


1,10 


■1,11 


•1,12 


1,13 


1,14 


1,15 


1,16 


Y/2|  (c  /cQRao) { (Cga/c)  (x  -  e2)  Ufc  }  dx 
Y/2|(c2/cQRao)  { (£aa/c)  Ut  u^}  dx 


3  2 


-y/2|  (c  /cqR  aQ){Ut  (9cm  /36)}  dx 
-y / 2 [ ( c 2 / c  Ra  ) { U .  (3c  /36)}dx 

°  °  co  me 


’l,17  " 


1,18 


-Y/2f(c  4>tw/Rcoao)  Ufc  (Saa/c)  dx 


•1,19  -  “Y/2  j(c  /coRao)  U^C  (?aa/c)  [U^  (0X  -  c^) 


+  A]  +  c  U.  }  dx 
m  t 
o  o 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


Bending  Degree  of  Freedom 


2,1 


■2,2  “  -Y/2|(c2<()^R2coao){  {3Cjl/3a)  Ufc  }  dx 


2,3 


-Y/2|(c<)>c^coaoR)  { (a  +  cd  )  Ufc  }  dx 


o  o 


■2,4 


=  0 


‘2,5 


Y/2 


r(c^VCoaoR  )((a  +  Cd  )  <2Ut  ex  +  A9x  4-  U  )}  dx 

o  o  ^o 


2,6 


-  0 


2,7 


2,8 


!|(CVC 


-y/2  [(c<pycoaoR)  {  (x  -  ex)  (a  +  )  (2Ut  9x  +  X))  dx 

o  o 


T2,9  “  “Y/2[(c<^/coaoR)  {  (u4:^(a  +  cd  )  (2Ut  9x  +  X)}  dx 

'  J  o  o 


T2, 10  -  0 


T2.U  “  Y/2 


f(c<Po/cQaoR)  {  (x  -  e2)  (a  +  cd  )  U  }  dx 

o  zo 


T2 , 12  "  Y/2|(cVCoaoR){  ,Jfya  +  cdJ  UtJ  dX 


o  o 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


T2 , 13  ”  0 


2,14 


~  -Y/2 


r(c2<fc  /c  a  R')  {  Oc0/3$)  U .  }  dx 


o  o  o 


T2, 15  -  -Y/2 


(=»0/o0a0R)  (  OCj/35)  Ut  )  dx 


T  =0 

1 2 , 16  U 


T2,17  ^  -Y/2 


r  (c  d<t>tw/R  CQao)  {  Oc^/Sa)  Ut  )  dx 


T2,18  "  "Y/2 


’(c*twV 


c  a  R)  <  <«  +  CD  )  ut  )  dx 
o  o 


•2,19  “  -Y/2f(c^/coaoR){(a  +  cD  )  U  (0  0x  +  A)}  dx 
J  o  o  o 


Lag  Degree  of  Freedom 


T  =0 

A3, 1  u 


,  2 

'3(2  “  " Y/2 1  (c  (x  -e1)/aocQR)  {  (3c£/3a)  A}dx 


■  3<3  “  -y/2|(c(x  -  e1)/aQco)  (a\}  dx 


T3,4  =° 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


3,5  «  y/2f(c(x  -  ei)VaocoR){2aX  +  aex(Ut  +  A9x) 


-  2c,  U  0  }  dx 
a  t_  x 
o  o 


T3 , 6  "  0 


T3,7  -  0 


T3,8  "  -Y/2 


(c(x  -  e.^  /a  cQ){aX8x  -  2c^  }  dx 

v  x  o  o 


■3,9  -  ~y/2l <c<x  -  el1/ao°o)(  ^*(aX6x  *  20i0\}) 


T  =0 

3,10 


T3 , ii  “  y/2| <c(x  -  ei}  <x  ~  e2)a/aoco){6xUt0  +  2X}dx 


T3,12  Y/2 


f  ( c  { x  -  a{u$,p(exUt  +  2X)}  dx 


T3,13  ’  0 


2 

T3  14  =  t/2|  (c  (x  -  e^) /aocQR)  {  Oc^/96)  X)  dx 


'3  lc  “  "  Y  2  (c(x  -  e1)/aQco)  {XUt  Oc^/36)}  dx 


dx 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


*3,16  “  0 


T3,17  " 


f  (c  (x  -  e]_)  ^tw/a0coR)  { *9c  ^Z30*)  dx 


T3,18  “  ~y/2 


’(Ut  c(x  -  e1^tw/a0c0)  <aA>  dx 
o 


T3,19  “  “Y/2 


j’(c(x  -  ei)  /aocQ)  {a6xXUt  -  cd  Ufc  }  dx 


Flapping  Degree  of  Freedom 


4,1 


=  0 


4,2 


“  ~  Y/2 


(c  (x  -  e2)/aocQR)  {Ut  (3c&/3a)}  dx 

o 


T4^3  -  -y/2  '(c(x  -  e2)/aQco)  {aufc  }  dx 


4,4 


•4,5 


0 

Y/2 


([x  -  e2]c^/aocoR)(a(2Ut  6x  +  X0x  +  ) 

'  o  o 


+  Cd  (Ut  +  A0  )}  dx 
o  o 


4,6 


4,7 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


’4  g  “  -y /2  (c  (x  -  e1)  (x  -  e2)/aQco)  {a  (2Ut  6^  +  X) 


+  c  .  X }  dx 
do 


T4  „  -  -r/2[(c(x  -  e1)/ao=0)  {int^(a[2ut  9  +  X) 

"  J  ° 


+  cd  X ) }  dx 
o 


T4,10  '  0 


T4,ll  '  Y/2  (0<x  -  e2>  /aoc0)(aUt  +  cfl  U  )  dx 

o  o  o 


T4,12  “  Y/2f(c(x  -  e2)/a0c0)  (a  +  cd  )}  dx 

f  ’  j  Q  O 

T4,13  -  0 

T4  14  =  -Y/2 j (c  (x  -  e2)/aocoR) { (3ca/3$)  Ufc  }  dx 
T4>15  -  -Y/2j(c(x  -  e2)/aQco)  {  Oc^/36)  Ut  }  dx 


T„  it  “  d 

4 , 16 


T4fl7  “  “Y/2  (c  (x  -  e2)  4’tw/aoCoR)  {Ut  <3cA/3ot>}  dx 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


4,18  "  -  e2)»tw/Vo)UUt  >  dx 


T4  19  -  ~Y/2  f (c (x  -  e2,/aoCo) tUt  la(ut  6X  +  +  cd  dx 

'  I  o  o  o 


Control-Flap  Degree  of  Freedom 


TS,1  "  0 


T5,2  "  (c‘/a0c0R!){  <3cm{/8a)  0  >  dx 


'5,3  “  -V2j(c  0^  } 


dx 


T5,4  “  0 


T5,5  ~y/2j(c  */a0C0R  R){(3cmJ/3al  [2Ut  0X  +  *  ut  I > 


dx 


T5,6 


T5  /  7  "  0 


T5,8  “  -Y./2|(cVaocoR)Ux  -  e±)  Oc^/Sa)  (2Ut^0x  +  A))  dx 

T5,9  "  “Y/2|(c2/aocoR)(u():;(;(acm6/3a)  (2Ufc^0x  +  A )  }  dx 


T5,10  0 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continues ) 


T5,ll  -  Y/2j(c!/a0c0R)<(x  -  e2)  OomS/3c()  Ut^>  dx 

t5,12  “  y/2Mc  /aoCoR>  {,J<tiI.<3ctnd/3a>  “t0*  dx 


Ts,n  -  0 


T5,14  "  -Y/2[(=  W  >{(3<Wsi)  "t/  dx 

T5.15  "  -Y/2(<c!/ao°oR){(3cm6/3S)  “t  '  >  dx 


T  «  0 

5,16 


T5,17  -  'Y/2f <c  dt„^aocoR  ,((3em«/9“’  Bt0)  dx 

T5,18  "  -Y/2j<c\v/aocoR)((3om«/9a)  \}  dx 

T5,19  -  -V/2f<c!/aoCoR)(Ut  <3e  /9c.)  (Ut  ex  +  1)}  dx 

}  o  o 


Twisting  Degree  of  Freedom 


T6.1  ”  0 


,  3  2 

T-  ,  =  -Y/2  (<|>  c  /c  R  a  }  U,  (3c  /3a)  dx 

6/2  tw  o  o  t  mg 
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LINEAR  AERODYNAMIC  COEFFICIENTS  {Continued) 


T6,3  "  -*/J  (*tw°  /Rcoao)  ut0  (5aa/0)  dx 


T6,4  ‘  0 


T6,S  -  Y/2f(=!*twVcoaoR  HK.a/dlJU^eje*  -  “om> 

♦  xe  *  u  )  +  25  excm  )  dx 
o  o  o 


T6,6  -  0 


6,7 


-  0 


'6,0  "  -7/2|<c!*tw/,:oRaoH(5a“/o)t2uto(0x  '  “om>  +  X 


+  2U.  c  }  (x  -  e,)  dx 
t  m  x 

o  o 


6,9 


-Y/2f(o  *t„/o  Ra0){(Eaa/c)[2Ut  (0  -  oQm)  +  X 

o 

+  2Ut  cm  )u<^dx 


o  o 


T6,10  *  0 


■6,11  -Y/2|(c  *tw/c0Ra0){(Caa/c)(x  -  e2)  U^J  dx 


T6,12  -Y/2j(c*tw/coRa0){«aa/c)  U^y^}  dx 
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LINEAR  AERODYNAMIC  COEFFICIENTS  (Continued) 


T6,14  "  -V2j<c\w/c0R!S){Uto  Oem„/3J>>  dx 

T6, 15  “  “Y/2|(c  *tw/c0Ra0>  (9cm0/35)}  dx 

T6.16  ~  0 

T6,17  1'/2|(o  *tw  /c0R  a0)  Ut^Ocn9/3a)  dx 

T6,18  -  -V2|(c%tu!/R=0a0)  dx 

T6,19  -  -7/2f(c%tv/=0Rao'  “t  <  <5a«/c>  IUt  (8X  -  aom)  +  X] 

J  o  o 

+  c  U.  }  dx 
ro  t 
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TABLE  VII. 


SUMMARY  OF  ROTOR  BLADE  CONFIGURATIONS 
FOR  USE  IN  THE  OPTIMIZATION  STUDIES 


Rotor  Planform 


’lanform 

No. 


Rotor 

Type 


Chord 
(in. ) 


Flap 
Size 
(in. ) 


Radial 
Location 
of  Flap 


Figure 
No. 


DCR 

CTR 

CTR 

CTR 

CTR 


21.56 

21.56 

21.56 

21.56 

21.56 


Tip 

75%R 

Tip 

Tip 


DCR  Configurations 


DCR 

)esignation 


Planform 


Built- 

In 

Twist 

0.0 

-4.0 

-8.0 

-10.0 


Nonro mating 
Torsional 
Frequency 

(cfc^) 

33.7 

33.7 

33.7 

33.7 


CTR  Configurations 


CTR 

)esignation 


Planform 


Built- 

In 

Twist 

9X 

(deg) 

0.0 

-4.0 

-8.0 

-2.0 

-2.0 

-2.0 

-2.0 

-2.0 

-2.0 

-2,0 


Flap 

Arrangement 

External 

External 

External 

External 

Faired 

Faired 

Faired 

Faired 

Faired 

Faired 


Nonrotating 

Torsional 

Frequency 

(cfc¥) 

8.28 
8.28 
8.28 
8.28 
8.28 
6.76 
9.43 
8.  >8 
8.28 
8.28 
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RADIAL  STATIONS  -  IN. 


Figure  20.  Physical  Distributions  of  Plapform,  Mass, 
Feathering  Inertia,  and  CG  for  the  Direct 
Control  Rotor  Configuration?  piarv.form  I. 
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RADIAL  STATIONS  -  IN. 

Figure  22.  Physical  Distributions  of  Planform,  Mass, 
Feathering  Inertia,  and  CG  for  the  Con¬ 
trollable  Twist  Rotor  Configuration  With 
Planform  III  Having  a  42-Tn.  Flap  Located 
Near  the  75%  Radius. 
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RADIAL  STATIONS  -  IN. 


Figure  23.  Physical  Distributions  of  Planform,  Mass 
Feathering  Inertia,  and  CG  for  the  con¬ 
trollable  Twist  Rotor  Configuration  With 
Planform  IV  Having  a  38-In.  Flap  Located 
Near  the  Blade  Tip. 


52.8  79.2 


201. 8 


BLADE  SECTION 
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BLADE  SECTION 


FLAP  SECTION 


-  BLADE  SECTION 


FLAP  SECTION 


RADIAL  STATIONS  -  IN. 


Figure  24.  Physical  Distribution  of  Planform,  Mass 
Feathering  Inertia,  and  CG  for  the  Con¬ 
trollable  Twist  Rotor  Configuration  With 
Planform  V  Having  a  58-In.  Flap  Located 
Near  the  Blade  Tip. 


;r 


BENDING  MODE 


TABLE  VIII.  FIXED  ROTOR  CONSTANTS 

Constants  for  Both  the  CTR  and  DCR 

R  =  264  In. 

=  8.25  In . 

e2  =  8.25  In. 

Kg  =  52.357  In. /Deg 

Kg  =  10,000  In./Dey 
in 

C,  =  924.88  Lb-In. /Deg/Sec 

Cr  =  .05  Lb-In ./Deg/Sec 
_ _tw _ 

_ Constants  for  the  CTR  Only  _ 

=  -18.446  In. 

Cf  =  8.32  In. 

K6  =  100  Lb-In. /Deg 
Cg  =  0.4  Lb-In . /Deg/Sec 


4 


ft 
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TABLE  IX.  AERODYNAMIC  CONSTANTS  FOR  USE  IN  THE 
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All  section  data  are  based  on  total  chord,  including  the  servo-flap  where 
applicable.  All  constants  involving  the  servo-flao  are  set  to  0.0  when  the 
OCR  is  being  evaluated . 
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flow  reaion,  and  the  prefix  "S"  indicates  data  used  in  the 


slopes  and  unsteady  aerodynamic  coefficients  that  are  used  in 
the  normal  flow  region,  in  the  reverse-flow  region,  and  in  an 
assumed  stall  flow  region.  The  Mach  number  effects  are  con¬ 
sidered  only  for  the  normal  flow  region  on  the  rotor  blades. 
The  aerodynamic  characteristics  and  data  used  in  the  nonlinear 
portion  of  the  analysis  are  tabulated  in  Appendix  IV. 

All  flight  conditions  throughout  this  analysis  were 
considered  at  sea  level  and  for  a  standard  day.  Speeds 
range  from  hdver  to  180  knots,  and  are  listed  in  Table  X, 
where  the  values  for  the  trim  variables  used  for  level 
fliqht  and  the  values  of  inflow  used  for  various  load 
factors  are  described. 

ELASTIC  TWIST  AND  CONTROL  REQUIREMENTS 

In  the  conventional  rotor  system,  the  relationships  between 
the  performance  and  the  contro]  requirements  are  complicated 
by  the  high  decree  of  nonlinearity  contained  in  the  inter¬ 
action  effects.  Neglecting  the  rotor  control,  we  have  three 
effects  of  the  pitch  horn,  namely,  longitudinal,  lateral,  and 
collective  controls.  These  three  controls  all  interact  and 
affect  the  resolution  of  the  rotor  trim  forces.  On  the  other 
hand,  the  CTR  having  a  dual  control  system  has  a  more  complex 
relationship  with  the  performance  parameters.  We  now  have 
six  control  parameters:  two  longitudinal,  two  lateral,  and 
two  collective.  These  all  interact  in  a  highly  nonlinear 
fashion  making  it  difficult  to  find  a  relationship  between 
performance  parameters  and  controls.  Thus,  in  order  to 
understand  some  of  the  problems  of  optimization,  it  is 
necessary  to  learn  some  of  the  problems  of  the  controls  and 
twist  and  their  effects  on  performance. 

Control  requirements  were  discussed  in  References  5  and  6, 
where  the  importance  of  control  proaramming  over  the  fliaht 
spectrum  of  the  CTR  was  stressed.  The  CTR  has  two  control 
systems,  each  one  by  itself  capable  of  flying  the  ship  in 
trim.  It  is  necessary,  therefore,  to  proqram  the  two  control 
systems  together,  usina  some  combination  to  qive  the  desired 
elastic  twist  at  all  flight  speeds.  The  desired  twist  is 
then  the  twist  that  gives  either  minimum  horsepower,  minimum 
vibration,  little  blade  stall, or  any  combination  thereof. 

In  order  to  achieve  desired  twist,  a  relationship  between 
the  controls  and  twist  must  be  defined.  The  pitch  horn  and 
flap  controls  are  input  into  the  airloads  analysis  in  series 
form  as  a  first  harmonic  variation.  The  flap  has  a  positive 
series , 

6.  =6  +  f ,  sin  i|>  +  <5.  cos  &  (46) 

in  o  Is  lc 
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r~ 

TABLE 

X.  FLIGHT  CONDITIONS 
AND  STANDARD  DAY 

AT  SEA  LEVEL 

Trim  Factors 

for  Level 

Flight 

U  =  J  .  0 

M  “  .  20 

V  =  .30 

U  ■  .40 

m 

V 

0 . 0  kts 

80  kts 

120  kts 

160  kts 

18C  kts 

af 

0.0 

-0.5  deg 

-3.4  deg 

-8.5  deg 

-11.5  deg 

Fz 

11,300  lb 

11,500  lb 

11,500  lb 

11,500  lb 

11,500  lb 

Fx 

0.0  lb 

524  lb 

1200  lb 

2210  lb 

2882  lb 

fy 

-71  lb 

288  lb 

29  lb 

-746  lb 

-1318  lb 

Values  of 

Inflow,  X , 

for  Various  Load  Factors 

m 

m 

U  =  .20 

y  =  .30 

u  —  .40 

W  =  .45 

1.0 

-.0603 

-.0371 

-.0615 

-.1120 

-.1460 

1.2 

- 

- 

- 

-.1135 

- 

1.35 

- 

- 

-.0663 

-.1152 

- 

1.48 

- 

- 

-.068 

-.116 

- 

1.83 

- 

-.045 

-.071 

- 

- 

4 
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while  the  pitch  horn  has  a  negative  series  in  order  to  comply 
with  conventional  standards, 

6in  »  Aq  -  Bls  sin  ty  -  Als  cos  i h  (47) 


Bl.tde  twist  is  a  response  and  is  obtained  from  the  airloads 
program  as  an  output  for  the  trim  cases.  The  twist  response 
is  harmonically  analyzed,  and  only  the  first  harmonic  is  in¬ 
cluded  for  study  in  the  present  analysis.  Twist  is  defined 
as  a  positive  series  given  by  Equation  (48): 

6tw  “  ^o  +  *ls  Sin  ^  +  *lc  COS  ^  (48) 


where  <t>  is  the  collective  elastic  twist  and  <J>,  and  4>,  , 
o  is  lc 

the  longitudinal  and  lateral  components  of  the  one-per-rev 

cyclic  twist.  In  this  relation,  cyclic  twist  can  be  expressed 

in  vector  form,  which  sometimes  makes  it  easier  to  visualize. 

The  vector  magnitude  and  its  angular  phase  relationship 

around  the  azimuth  are  defined  by  Equation  (49) : 


*r  =  *ls 


+  i> 


lc 


ij-1  =  tan 


-1  lil 

♦lc 


(49) 


THE  EFFECTS  OF  BUILT-IN  TWIST  ON  THE  DCR 

For  comparison  purposes,  a  direct  control  rotor  conf iquration 
was  chosen  with  a  similar  geometry  to  the  CTR  configuration. 

The  physical  distributions  of  planform,  mass,  feathering  in¬ 
ertia,  and  chordwise  center  of  gravity  have  already  been  dis¬ 
cussed,  and  the  direct  control  rotor  blade  has  been  designated 
DCR-a ,  with  planform  I.  Computer  runs  were  made  on  the  DCR-a 
for  values  of  built-in  twist  of  0  =  0.0,  -4.0,  -8.0,  and 

-10.0  degrees.  The  results,  presented  in  Figure  26,  show  the 
effects  of  built-in  twist  on  maximum  blade  tip  angle  of 
attack,  peak- to -peak  tip  bending  deflection,  and  shaft  horse¬ 
power  for  three  different  advance  ratios.  Results  show  that 
tip  angle  of  attack  and  power  can  be  reduced  with  increased 
negative  twist  but  at  the  cost  of  higher  tip  bending  deflec¬ 
tions.  Thus,  according  to  these  curves,  a  good  compromise 
for  all  three  of  the  blade  parameters  would  be  a  built-in 
twist  of  0  =  -8  degrees.  This  is  a  value  of  built-in  twist 

that  is  fafrly  well  accepted  throughout  the  helicopter  industry 
for  the  conventional  rotor  system. 
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THE  EFFECTS  OF  BUILT-IN  TWIST  ON  THE  CONTROLLABLE  TWIST  ROTOR 


Computer  runs  were  also  made  on  the  CTR  using  built-in  twist 
values  of  0X  =  -4.0  and  -8.0  degrees,  designated  as  CTR-A2 
and  CTR-A3 ,  respectively.  These  were  conducted  at  flight 
speeds  of  V  =  120  knots  and  160  knots.  After  several  initial 
runs,  it  was  found  that  an  almost  linear  relationship  exists 
between  the  control  inputs  and  the  twist  response  and  may  be 
expressed  by  the  following  matrix  relation: 


1 - 

<° 

l _ 

al,l  al,2  al , 3  al,4 

1.0 

Bls 

a2 , 1 

<t> 

o 

Als 

= 

a3, 1 

♦is 

5 

o 

6. 

Is 

a4,l 

a5,l 

1 

•e- 

M 

o 

5. 

lc 

L  j 

a6 , 1  ‘  *  a6,4 

A  minimum  of  four  trim  cases  are  required  to  evaluate  ;he 
coefficients  of  Equation  (50).  If  more  cases  are  avai.able, 
an  accurate  evaluation  of  these  coefficients  is  made  t  trough 
the  use  of  the  multiple  linear  regression  computer  program 
described  in  Reference  7.  This  program  evaluates  the  co¬ 
efficients  with  a  least-squares  fit. 

The  value  of  Equation  (50 )  lies  in  the  fact  that  the  twist 
can  be  specified  and  the  controls  required  to  achieve  this 
twist  can  be  determined.  The  effects  of  variations  in  twist 
on  performance,  angle  of  attack,  and  blade  bending  can  be 
observed  directly  by  using  a  minimum  of  computer  runs. 

The  coefficients  of  Equation  (50)  have  been  evaluated  for 
the  CTR  at  speeds  of  V  =  120  knots  and  160  knots,  and  are 
found  in  Table  XI  for  two  values  of  built-in  twist.  As 
expected,  these  tables  show  that  the  most  significant  changes 
occur  in  the  intercepts  (column  1  of  each  group)  due  to  the 
speed  differences  and  that  relatively  minor  changes  occur  in 
the  derivatives  (columns  2  through  4). 
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Figures  27,  28,  and  29  show  the  effect  of  elastic  collective 
twist  on  the  maximum  tip  angle  of  attack,  peak-to-peak 
bending  tip  amplitude,  and  rotor  shaft  horsepower  for  the 
CTR  system.  These  curves  also  reflect  the  one-per-rev  cyclic 
twist  vector  magnitudes  and  phasing  obtained  for  various 
points  that  were  run  on  the  computer.  For  these  curves,  the 
cases  were  chosen  such  that  the  phasing  of  cyclic  twist  was 
kept  at  approximately  60  degrees.  Figure  27  shows  the  varia¬ 
tions  at  an  advance  ratio  of  u  =  0.3  and  a  built-in  twist  of 
6  =  -8  degrees.  This  curve  indicates  that  minimum  tip  angle 

of  attack,  minimum  bending, and  minimum  horsepower  occur  at 
values  of  collective  twist  of  4>q  =  —3.5,  -6.0  and  —3.0  degrees, 
respectively.  Figure  28  presents  the  results  generated  for 
an  advance  ratio  of  u  =0.4  and  a  built-in  twist  of  0X  —  -8 
degrees.  In  this  figure,  the  tip  angle  of  attack  and  the 

horsepower  are  a  minimum  at  <Pq  =  -5.5  degrees.  Figure  28  also 
shows  that  high  values  of  collective  twist,  4>0,  produce  high 
values  of  peak-to-peak  bending  displacement,  qtip*  Figure  29 
summarizes  results  for  an  advance  ratio  of  y  =0.4  and  a  built- 
in  twist  of  9X  =  -4.0  degrees.  A  comparison  of  Figures  28  and 

29  shows  that  the  minimum  power  and  minimum  bending  displace¬ 
ments  are  lower  for  a  built-in  twist  of  6X  =  -4  degrees  than 
for  a  built-in  twist  of  0X  =  -8  degrees.  The  tip  angles  of 
attack,  however,  are  higher  for  the  built-in  twist  of  0X  =  -4 
degrees  than  those  for  a  built-in  twist  of  Gx  =  -8  degrees. 

A  comparison  between  Figures  27  and  28  shows  that  an  increase 
in  forward  speed  tends  to  give  an  increase  in  curvature  to 
the  tip  angle  of  attack  and  horsepower  curves.  The  minima 
are  therefore  better  defined  at  the  higher  speeds.  These 
phenomena  may  be  due  to  compressibility  and  stall  effects. 

Figures  30,  31,  and  32  show  the  effect  of  one-per-rev  cyclic 
phasing,  i^,  on  maximum  tip  angle  of  attack,  peak-to-peak 
bending  tip  deflection,  ,and  rotor  shaft  horsepower.  Figure 

30  is  for  the  built-in  twist  configuration  of  9X  =  -8  degrees 
at  an  advance  ratio  of  p  =  0.3.  In  this  set  of  curves,  a 
vector  magnitude  of  4>r  =  6.0  degrees  and  a  collective  elastic 
twist  of  =  -2.0  degrees  are  held  constant.  As  seen  in  this 
figure,  the  resulting  curves  are  sinusoidal  in  character. 

Also  at  this  speed,  the  lowest  tip  angle  of  attack  occurs  at 
i/u  =  180  degrees,  while  minimum  bending  deflections  and  minimum 
horse  cover  occur  at  iJ/q  =  60  degrees  and  90  degrees,  respec¬ 
tively.  It  should  be  noted  that  the  angles  of  attack  are 
well  below  stall  for  all  cyclic  twist  phasing.  Figure  31  is 

a  similar  set  of  curves  for  the  CTR  configuration  with  a 
built-in  twist  of  6X  =  -8  degrees  at  an  advance  ratio  of  u  = 
0.4.  Values  of  collective  twist  and  vector  twist,  <p0  and  *r  , 
are  constant  at  values  of  -2.0  and  6.0  degrees,  respectively. 

In  these  curves  it  is  seen  that  there  is  less  of  a  sinusoidal 
character  than  in  Figure  30.  The  bending  tip  deflections  and 
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Figure  28.  The  Effect  of  Collective  Elastic  Twist 
on  Shaft  Horsepower,  Elastic  Bending, 
and  Maximum  Tip  Angle  of  Attack  for  the 
CTR-A3  Configuration.  V  =  160  Kts ; 

9x  =  -8  Deg. 
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The  Effect  of  Collective  Elastic  Twist 
on  Shaft  Horsepower,  Elastic  Bending, 
and  Maximum  Tip  Angie  of  Attack  for  the 
CTR-A2  Configuration:  V  =  160  Kts; 

0  =  -4  Deg. 
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The  Effect  of  Cyclic  Twist  Phasing 
on  Shaft  Horsepower,  Elastic  Bending 
and  Maximum  Tip  Angle  of  Attack  for 
the  CTR-A3  Configuration;  V  -  120 
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The  Effect  of  Cyclic  Twist  Phasing 
on  Shaft  Horsepower,  Elastic  Bending 
and  Maximum  Tip  Angle  of  Attack  for 
the  CTR-A3  Configuration;  V  *  160 
Kts ;  0„  =  -8  Deg. 
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Figure  32.  The  Effect  of  Cyclic  Twist  Phasing 

on  Shaft  Horsepower,  Elastic  Bendina 
and  Maximum  Tip  Angle  of  Attack  for 
the  CTR-A2  Configuration?  V  =  160 


the  tip  anqle  of  attack  do  not  have  a  minimum  at  the  same 
cyclic  twist  phase  that  occurs  at  minimum  horsepower.  Bending 
and  tip  angle  are  minimum  at  ip#  =  140  degrees  while  horsepower 
is  minimum  at  =  60.  Figure  32  shows  the  effect  of  cyclic 
twist  phasing  for  the  built-in  twist  configuration  of  0X  = 

-4.0  degrees  at  an  advance  ratio  of  u  =  0.4.  In  this  figure, 

4>0  and  <J>r  are  held  at  approximately  -5.0  and  6.0  degress, 
respectively.  As  in  Figure  31,  minimum  bending  and  tip  angle 
of  attack  do  not  occur  at  minimum  horsepower.  Minimum  horse¬ 
power  occurs  at  4/^  =  60  degrees,  whereas  minimum  bending  occur.' 
at  -  140  degrees. 

The  effects  of  built-in  twist  on  the  four-bladed  CTR  and  DCR 
configurations  are  shown  in  Figure  33,  where  shaft  horsepower 
is  plotted  as  a  function  of  built-in  twist  for  both  rotor 
systems,  for  forward  flight  speeds  of  V  =  120,  160,  and  100 
knots.  These  curves  were  developed  for  the  CTR-A1 ,  A2 ,  and 
A3  configurations  as  well  as  the  DCR-al,  a2,  a3,  and  a4  con¬ 
figurations.  As  previously  mentioned,  the  DCR  had  a  best 
built-in  twist  of  0X  =  -8  degrees,  and,  as  the  curves  indicate, 
the  CTR  had  a  best  built-in  twist  of  0X  =  -2.0  degrees,  at 
speeds  of  V  =  120  and  160  knots.  Data  for  these  cases  can 
be  found  in  Tables  XII  through  XVI.  Table  XVII  summarizes 
data  generated  for  the  DCR-a  configuration  with  five  and 
six  blades. 


THE  EFFECTS  OF  FAIRED  FLAP 

The  CTR-B2  configuration  consists  of  a  faired  flap  rather  than 
an  external  flap.  The  aerodynamic  data  for  these  airfoil 
sections  was  described  previously.  ComDuter  cases  were  run 
on  this  configuration  with  a  built-in  twist  of  6X  =  -2  degrees 
at  a  flight  speed  of  V  =  160  knots  and  ar^>  shown  in  Table  XVIII. 
Figure  34  shows  the  effect  of  collective  elastic  twist, 
vector  twist,  and  twist  phasing  on  rotor  horsepower.  Here 
the  minimum  rotor  power  occurs  at  a  collective  elastic  twist 
of  g0  =  -7.0  degrees,  a  vector  twist  of  =  -4.0  dearees, 
and  a  twist  phasing  of  =  45  degrees.  The  lowest  value 
of  horsepower  on  this  curve  is  P  =  2231  horsepower,  which  is 
approximately  100  horsepower  lower  at  160  knots  than  that  of 
the  CTR-A2  configuration  having  an  external  flap.  This  is  as 
expected  because  of  the  reduced  drag  of  the  faired  flap  con¬ 
figuration.  Consequently,  faired  flap  data  were  used  in  all 
succeeding  computer  runs. 
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Figure  33.  The  Effect  of  Built-In  Twist 
on  the  Minimum  Horsepower  for 
the  4-Bladed  CTR-A  and  DCR-a . 
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Figure  34.  The  Minimum  Power  Required  for  the 
CTR-B2  Configuration  Using  a  Faired 
Flap;  y  =  160  Kts ;  0  =  -2  Deg ; 

Tip  Flap. 


INBOARD  FLAP 


The  CTR-E  configuration  has  a  42-inch  faired  flap  located  at 
the  75-percent  radius.  Data  for  the  computer  runs  on  this 
configuration  are  found  in  Table  XIX.  These  runs  were  also 
made  at  a  flight  speed  of  V  =  160  knots.  Of  all  the  cases 
run  on  this  configuration,  the  lowest  value  of  tip  angle  of 
attack  achieved  was  amax  =  19.4  degrees.  Although  the  power 
requirements  for  this  configuration  were  low,  the  angles  of 
attack  are  unacceptable  because  they  are  above  stall.  Thus, 
it  was  concluded  that  the  tip  flap  was  more  beneficial. 

."ORSIONAL  STIFFNESS 


Computer  cases  were  run  on  the  CTR-B2,  Cl,  and  C2  configura¬ 
tions;  the  results  are  found  in  Tables  XVIII,  XXVIII,  and  XXIX. 
These  cases  represent  runs  using  nonrotating  torsional  fre¬ 
quencies  of  cot  =  6.76,  8.28,  and  9.4  3  cycles  per  second.  The 
CTR-B2  configuration  has  already  been  discussed  but  is  pre¬ 
sented  here  for  comparison  purposes.  Figure  35  shows  the 
effects  of  collective  elastic  twist,  vector  twist,  and  twist 
phasing  on  the  rotor  horsepower  required  for  the  three  con¬ 
figurations  of  different  torsional  stiffnesses.  In  general, 
it  is  seen  that  the  torsional  stiffness  effects  are  slight 
and  the  CTP.-B2  configuration  still  has  the  lower  power 
requirements.  Thus,  the  torsional  stiffness  of  the  CTR-B2 
configuration  was  used  for  the  remainder  of  t>*  _>  analysis. 

CONTROL  FLAP  SIZE 


Computer  cases  were  run  for  the  CTR-F,  B2,  and  G  configura¬ 
tions  the,  data  for  which  may  be  found  in  Tables  XXI,  XVIII, 
and  XXII.  These  cases  represent,  respectively,  rotor  blades 
with  flaps  that  are  38,  48,  and  58  inches  long.  The  B2 
configuration  was  discussed  previously  but  is  shown  here  for 
comparison  purposes.  Again,  the  evaluation  was  made  at  a 
flight  speed  of  V  =  160  knots.  Figure  36  shows  the  effect  of 
collective  elastic  twist,  vector  twist,  and  twist  phasing  on 
rotor  horsepower.  It  is  clearly  seen  that  the  longer  flap 
has  the  lowest  power  requirements.  The  CTR-G  configuration 
was  chosen  as  the  optimum  configuration. 

THE  EFFECT  OF  FORWARD  SPEED 


The  CTR-G  configuration  was  sized  and  optimized  at  160  knots. 
Additional  computer  runs  were  made  on  this  conf iguraticn  at 
V  =  0.0,  120,  and  180  knots.  The  results  of  the  cases  at  these 
speeds  are  found  in  Tables  XXIV,  XXV,  and  XXVI.  Even  though 
the  basic  configuration  geometry  has  been  optimized,  it  is 
still  necessary  to  optimize  the  control  requirements  at  the 
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Figure  36  .  The  Effects  of  Servo-Flap  Size  on 
the  Shaft  Horsepower  Required  or 
the  CTR;  V  -  160  Kts;  0  =  -2  Dei 

Tip  Flap. 


various  speeds  based  .n  minimum  horsepower  or  analo  of  attack 
limitations . 

Figure  37  shows  rotor  power  required  as  a  function  of  col¬ 
lective  elastic  twist,  4>0 ,  for  the  CTR-G  con f iauration  at 
hover.  For  this  condition,  the  one-per-rev  cyclic  flan 
motions  were  set  to  zero  such  that  only  the  effects  of 
collective  flap  are  considered.  It  is  therefore  evident 
that  the  cyclic  twist  will  also  be  zero.  This  curve  in¬ 
dicates  that  minimum  horsepower  occurs  at  a  collective 
elastic  twist  of  <J>Q  =  -8  degrees. 

Figure  38  presents  the  rotor  horsepower  required  for  the 
CTR-G  configuration  at  a  forward  speed  of  V  =  120  knots  as 
a  function  of  collective  elastic  twist,  vector  twist,  and 
cyclic  twist  phasing.  Figure  38  shows  that  minimum  power 
occurs  at  a  collective  elastic  twist  of  <f>Q  =  -8  deqrees , 
vector  twist  <J>  =  1.5  degrees,  and  cyclic  twist  phasing  =  30 

degrees.  The  minimum  horsepower  obtained  from  any  of  these 
points  is  P  =  1145  horsepower. 

Figure  39  shows  the  results  for  the  G  configuration  at  V  = 

180  knots.  Rotor  horsepower  and  maximum  tip  anole  of  attack 
are  shown  as  a  function  of  collective  elastic  twist,  vector 
twist,  and  cyclic  elastic  twist  phasing.  At  this  speed, 
power  must  be  optimized  with  explicit  consideration  for  tip 
angle  of  attack  to  avoid  stall.  Over  the  ranqe  of  study  on 
these  curves,  it  is  seen  that  angle  of  attack  has  little 
variation  with  collective  twist  and  cyclic  twist  phasinq. 
However,  the  slope  of  the  power  variation  with  vectored  twist 
is  negative, whereas  the  slope  of  maximum  tip  angle  of  attack 
with  vector  twist  is  positive.  The  choice  of  a  value  for 
vector  twist  should  then  be  made  where  the  maximum  angle  of 
attack  is  equal  to  the  stall  angle  for  the  blade  section. 

This  will  provide  the  minimum  horsepower  allowable  before  the 
rotor  stalls.  The  unstalled  case  with  the  minimum  power 
setting  chosen  for  this  run  was  with  a  collective  elastic 
twist  of  <J>0  =  -9.3  degrees  and  a  vector  twist  of  <J>r  =  2.2 
degrees  at  a  cyclic  twist  phasing  of  =  88  degrees. 

In  order  to  maintain  trim  with  elastic  twist,  and  to  achieve 
minimum  horsepower,  certain  relationships  must  exist  between 
the  servo  flap  controls  and  the  pitch  horn  controls.  Figure 
40  shows  how  the  elastic  twist  and  the  two  controls  relate  to 
each  other.  Here  the  collective  and  cyclic  elastic  twist, 
the  collective  and  cyclic  flap,  and  the  collective  and  cyclic 
pitch  horn  deflections  are  plotted  as  a  function  of  forward 
speed.  The  results  are  as  expected , with  the  collective  values 
havinq  a  parabolic  shape  with  forward  speed  and  the  cyclic 
values  increasing  with  forward  speed. 
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TABLE  XII.  LIST  OF  COMPUTER  RUNS  FOR  THE 
DIRECT  CONTROL  ROTOR  SHOWING 
THE  EFFECTS  OF  BUILT-IN  TWIST. 
ROTOR  CONFIGURATION  I 


CASE 

SO. 

*  *X 

<d«o> 

(d«g) 

“l6 

(deij) 

*i. 

(dag) 

\ 

(Ih) 

rx 

(lb) 

Y 

(lb) 

n 

(dpg) 

r 

HP 

101-12 

.3 

.  8 

-  8.4 

0.721 

4.194 

-  1.328 

11444 

1187 

24.3 

7  .84 

1208 

102-14 

.3 

-  4 

-  8.4 

9.699 

3.988 

-  1.449 

11464 

1199 

28.3 

8.78 

1187 

103-  1 

.4 

-  4 

-14.8 

IS. 5 

0.3 

-  8.2 

10253 

1864 

-  770.0 

13.24 

2111 

2 

14.9 

7.9 

-  8.5 

9905 

1733 

-  299.0 

12.73 

1979 

3 

16.0 

8.0 

-  8.5 

11498 

1969 

-  818  0 

15.35 

2281 

4 

16.3 

0.3 

-  8.0 

11071 

2045 

-  687,0 

16.41 

2375 

5 

IS. 5 

8.7 

-  7.8 

11039 

2116 

-  622.0 

16.22 

2355 

6 

16.623 

9. or 

-  8.09 

11484 

2164 

-  676.0 

16.04 

2373 

7 

16.612 

9.44 

-  8.90 

11322 

2201 

-  879.0 

15.88 

2405 

a 

16.692 

9.41 

-  8.52 

11495 

2221 

-  739.0 

16.34 

2428 

104-  l 

.4 

-  8 

-14.8 

IS. 5 

8.3 

-  8.2 

11014 

19)2 

-  808.0 

12.47 

2180 

2 

14.9 

7.9 

-  1.5 

100G6 

1765 

-  308.0 

11.98 

2048 

3 

16.0 

8.0 

-  8.5 

12346 

2020 

-  854.0 

14.60 

2340 

4 

16.3 

8.3 

-  8.0 

12530 

2105 

-  70C.O 

15.32 

7395 

3 

16.5 

8.7 

-  7.8 

12490 

2180 

-  638.0 

15.49 

2430 

6 

18.159 

11  .24 

-10.57 

12122 

2594 

-1053.0 

16.67 

2758 

7 

16.223 

0.68 

-  8.87 

10876 

2)28 

-  8P6.0 

12.91 

7307 

8 

16.213 

9.58 

-8.07 

113)1 

2169 

-  733.0 

13.41 

2327 

9 

16.370 

9  .CO 

-  B  ,  19 

11030 

2717 

-  748.0 

13.73 

2308 

10 

16.357 

9.61 

-  8.17 

11506 

2215 

-  743.0 

13.69 

2364 

103-  1 

.3 

0.0 

-  8.4 

13.8 

7.3 

-  7.4 

15091 

2145 

-1019.0 

16.63 

1067 

2 

12.0 

4.5 

-  2.0 

15300 

1497 

205.0 

15.23 

1509 

3 

9.0 

3.5 

-  0,5 

9716 

986 

177.0 

8.43 

1004 

4 

9.5 

4.0 

-  1.5 

10603 

1158 

34.0 

9.18 

1132 

3 

10.85 

4.283 

-  1,351 

13901 

1474 

199.0 

12.24 

1352 

6 

10.0969 

4.137 

-  1,958 

12136 

1526 

-  16.0 

10.47 

1252 

7 

9.6747 

3.758 

.  1.822 

11406 

1190 

47.0 

9.78 

1180 

8 

9.7489 

3.783 

-  1.658 

11301 

1209 

26.0 

9.93 

1192 

106-  1 

.4 

0.0 

-14.8 

13.8 

7.5 

-  7.4 

C937 

1112 

-  553.0 

10.61 

1009 

2 

15.5 

8.0 

-  7.8 

10009 

1614 

-  667.0 

14.6 

2089 

3 

16.0 

8.3 

-  8  5 

10392 

1917 

-  773.0 

15.68 

2203 

4 

16.3 

8.0 

-  8  2 

10577 

1997 

-  696.0 

16.29 

228 •< 

3 

18.5 

8  .7 

-  8.8 

1 0053 

2016 

-  796.0 

16.63 

2310 

6 

17.076 

9.092 

•  8.685 

10936 

2117 

-  724.0 

17.89 

2428 

7 

17.738 

9.242 

-  9  124 

11334 

21G8 

-  743.0 

19.61 

2590 

8 

18.055 

9.41® 

-  9.309 

11426 

2201 

-  743.0 

20.23 

2201 

107-  1 

.48 

-10.0 

-17.8 

23.0 

15.3 

-13.8 

10231 

2833 

-  991.0 

18.71 

3569 

2 

24.0 

13.8 

-14.2 

10667 

3038 

-  879.0 

70.84 

3889 

3 

23.5 

16.0 

-14  .7 

10179 

2919 

-1109.0 

19.14 

3098 

4 

24.5 

15.3 

-15.0 

11013 

3010 

-  931  .0 

22.22 

4060 

3 

24.8 

15.6 

-15.3 

10979 

3061 

-  946.0 

27.53 

4135 

6 

25.211 

14.368 

-17.529 

11710 

1257 

-1323.0 

24.07 

4330 

7 

20.211 

9.368 

-12.529 

11819 

1930 

-1007.0 

19.13 

3146 

B 

28.372 

13.941 

-20.331 

11255 

3427 

-1251.0 

28.25 

8242 

9 

26.728 

10.992 

-20.989 

12384 

2336 

-1624.0 

28.37 

4929 

10 

27.358 

14.980 

-19.987 

11372 

3184 

-1396.0 

28.47 

4957 

11 

25.289 

19 .915 

-17.818 

11636 

2620 

-1276.0 

24.60 

4368 

TABLE  XIII.  LIST  OF  COMPUTER  RUNS  FOR  THE  CTR-A2 
CONFIGURATION.  V  =  120  KTS 


p - —  —  - - — - — -  : . —  ' 

CA3I  ^ 

•«  °r 

*o 

BU 

*1. 

4o 

41. 

4lc 

r. 

F„ 

Fv 

p 

aroax 

MO*  * 

<d*gt (dog) 

(deg) 

(d«g) 

(deg) 

(deg) 

(deg) 

(deg) 

lb) 

(lb) 

(lb) 

HP 

(d.g) 

100-  1  .4 

-4.0  -4.4 

14.41 

3.47 

3.14 

4.000 

2.000 

-5 .000 

12909 

134? 

139 

1644 

19.4 

9 

4.300 

1.800 

•  4.600 

12545 

1318 

193 

1624 

18.4 

a 

4.400 

2.200 

-5.200 

11039 

1138 

105 

1 SG7 

18.3 

4 

3.800 

2.400 

-ft. 400 

13170 

1337 

30 

1660 

13.8 

5 

4. SIB 

2.442 

-5.442 

11481 

1186 

43 

1594 

18.7 

4 

4.208 

2.516 

-5.518 

11429 

1178 

27 

1594 

ie.6 

7 

4.207 

2.498 

-5.498 

11444 

1179 

31 

1394 

16.8 

8 

4.219 

2.  SI  3 

-ft. 513 

11378 

1171 

28 

1391 

18.8 

a 

4.318 

2. 508 

-5.508 

11397 

1174 

29 

1592 

18.8 

10 

4.191 

2.501 

-5.501 

llftlft 

lias 

29 

1597 

18.8 

>41-  1 

13.43 

3.41 

3.34 

1  .000 

1 .100 

-2  .000 

11259 

1)76 

29 

1341 

9.3 

2 

l  .500 

1.500 

-2.500 

7775 

707 

-65 

1170 

8.7 

3 

0.750 

0.750 

-3.000 

14573 

1260 

•72 

MOO 

12.0 

4 

2.000 

2.000 

-3.500 

4728 

150 

-SO 

977 

8.8 

s 

0.971 

1.071 

-2.002 

11492 

1197 

35 

1349 

9.4 

8 

0.970 

1  .004 

-1  .996 

11511 

1199 

37 

1349 

6.4 

7 

0.964 

1  .083 

-2 .012 

11507 

1198 

32 

1330 

6.4 

a 

0.961 

1  .090 

-2.015 

11497 

1197 

31 

1349 

0.4 

9 

0,972 

1.084 

-2.027 

11  403 

1191 

29 

1347 

9.4 

10 

1.160 

0.828 

-2.101 

11271 

1144 

33 

1326 

6.4 

11 

0.934 

1.135 

•2.013 

11510 

1202 

26 

1352 

9.5 

>09-  1 

4.11 

3.43 

-7.03 

-4.000 

•2.000 

ft. 000 

8974 

761 

-20  ft 

1177 

7.1 

3 

-3.500 

-2.500 

4.500 

8343 

632 

•244 

1114 

6.2 

a 

-4.500 

-l  .750 

5.250 

10410 

912 

-160 

1262 

8.2 

4 

-4.250 

-2.250 

9.250 

10401 

865 

-119 

1248 

8.1 

ft 

-8.599 

-0.659 

7.072 

11102 

1172 

112 

Mil 

10.5 

ft 

-4.853 

-0.838 

ft. 772 

11427 

1198 

40 

1418 

10. ft 

7 

-4.474 

-0.639 

6.648 

11498 

1197 

28 

1417 

10.4 

*03-  1  .3 

-4.0  -a. 4 

10.4 

4.75 

3.5 

-1.800 

0.770 

-2 .230 

14383 

1329 

73 

)  364 

10.0 

3 

-1  .300 

0.700 

-1 .250 

11317 

1233 

155 

1278 

7.8 

3 

-1.000 

0.650 

-1 .000 

9091 

1080 

147 

1207 

6.4 

4 

-1.500 

0.820 

-1 . 750 

12411 

1282 

91 

1312 

8.8 

ft 

-1.316 

0.931 

-1  .852 

11489 

1203 

32 

1273 

6.1 

ft 

-1.347 

0.934 

-1 .871 

11494 

1201 

29 

1273 

8.1 

7 

•2.9 

1  .9 

-i  .i 

15515 

1650 

294 

1517 

111 

204-  l 

4.47 

a.aa 

3.44 

-3.000 

-1  .000 

-4.000 

2G97 

55 

41 

766 

4.8 

2 

•3.500 

-l .500 

-3.500 

5585 

522 

72 

970 

6.3 

3 

-4.000 

-0.500 

-3.000 

5041 

508 

74 

901 

6.2 

4 

-3.750 

-2.000 

-4.500 

RG43 

778 

27 

1114 

8.3 

ft 

-4.729 

-1 .527 

-4.123 

11346 

1054 

127 

1272 

10.1 

6 

-7.243 

-0 .037 

-3.032 

16132 

1236 

539 

1572 

13.7 

7 

-4.419 

-1  .825 

-4.325 

10809 

976 

97 

123Z 

9.7 

ft 

-4.425 

-1  .817 

-4.307 

10803 

978 

99 

1233 

9.7 

9 

-4.774 

-1 .221 

-4.279 

11025 

1045 

C5 

1204 

10.0 

10 

-6.607 

0  075 

-4.007 

11526 

1219 

20 

1  349 

1 1  .0 

ii 

-5.504 

•0.107 

-4.088 

11505 

1198 

29 

1340 

10.9 

13 

-5.509 

-0.094 

-4,087 

11502 

1200 

29 

1340 

10.9 

aoft-  i 

10.03 

4.40 

s.ei 

-1 .000 

1.100 

-2.000 

7625 

736 

28 

107? 

5.8 

2 

-0.500 

1  .500 

-2  .250 

4296 

189 

8 

870 

4.2 

a 

-l.SOO 

0.500 

-1.500 

11312 

11.9 

228 

1246 

7.7 

4 

•1.250 

0.750 

-1  .800 

9695 

983 

106 

1172 

6.9 

ft 

-1.218 

0.260 

-2.232 

11215 

1044 

111 

1208 

7.7 

ft 

•1.293 

0.317 

-2.12ft 

11349 

106J 

130 

1210 

7.8 

7 

•2.688 

2.597 

-1.791 

11509 

1312 

IS 

1326 

9.1 

a 

-9.034 

1.653 

-2.137 

11505 

1193 

28 

1278 

8.7 

133 
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TABLE  XIII  -  Continued 


CASE 

MO. 

H 

**  °r 

(day)  (deg ) 

\ 
(deg  > 

•l. 

(dagl 

AU 

(deg) 

«o 

(dag) 

*14 

(dag) 

6lc 

(dag) 

(lh) 

r* 

(lb) 

% 

Ub) 

P 

HP 

°l«4* 

(dag) 

SOS-  1 

.3 

-4.0  -9.8 

4.09 

T  .74 

1.14 

-3.000 

-1 .000 

-2 .000 

4492 

335 

-24 

663 

4.7 

a 

-3 .500 

-1.500 

-2.500 

8386 

772 

-48 

1008 

7.1 

3 

-a  .aoo 

-0.500 

-1 .500 

313 

-476 

33 

561 

2.2 

4 

-4.000 

0.500 

-1 .000 

4582 

427 

•a 

930 

5.3 

a 

-4.493 

2.187 

-0.164 

11279 

1873 

139 

1407 

10.6 

e 

-4  .353 

0.677 

-a  .504 

7301 

785 

-103 

1089 

7.4 

7 

-5.868 

1.570 

-3.864 

ii89: 

1373 

-393 

1376 

11.0 

8 

-7.218 

2.496 

-1 .374 

13784 

1653 

-8 

1585 

12.6 

0 

-8.369 

1  .968 

-2.119 

12411 

1439 

-171 

1450 

11 .5 

10 

-6.182 

1  . 592 

-2.056 

12298 

1400 

-133 

1427 

11  .1 

11 

-4.997 

-0.24S 

-1 .850 

11372 

1182 

28 

1305 

9.4  1 

ia 

-8 .049 

-0.191 

•1 .844 

11462 

1194 

27 

1312 

0.6  | 

13 

-5.067 

-0.175 

-1 .838 

11502 

1200 

26 

1315 

9.6 

SOT-  1 

19.43 

3.43 

3.51 

1  .000 

1.100 

-2.000 

8346 

801 

50 

1177 

5.4 

2 

1 .500 

1.500 

-2  .500 

4357 

222 

28 

060 

3.7 

3 

0.750 

0.750 

-3.000 

11745 

1062 

-55 

1281 

7.9 

4 

2  .000 

2.000 

-3.500 

1965 

-413 

134 

771 

2.3 

5 

0.611 

0.760 

-2.189 

11536 

1133 

89 

1307 

7.4 

6 

0.618 

0.707 

-l .951 

11602 

1161 

139 

1311 

7.3 

7 

0.499 

1  .008 

-2.164 

11584 

1162 

74 

1316 

7.5 

8 

0.171 

1  .663 

-2.162 

11435 

1201 

17 

1338 

7.6 

9 

0  .220 

1.552 

-2.156 

11498 

1199 

26 

1336 

7.7 

308-  1 

7.27 

4.48 

4.44 

-4.000 

2,000 

-4.500 

6773 

677 

-39 

1038 

8.2 

a 

-4.500 

2.500 

-5.000 

6019 

862 

-140 

1136 

9.6 

3 

-4  .750 

3.000 

-5.000 

8272 

889 

-167 

1150 

9.9 

4 

-5.000 

2.250 

-4.250 

10379 

1125 

-10 

1763 

10.6 

s 

-4.622 

1.438 

-4.269 

11416 

1128 

57 

1781 

10.9 

6 

-8.242 

2.207 

-4.184 

11494 

1217 

29 

1323 

11 .3 

7 

-3 .195 

2.093 

-4.227 

11504 

1203 

26 

1317 

11.3 

8 

-6.181 

3.087 

.4.330 

11428 

1199 

29 

1315 

11.3 

• 

-8.183 

2.071 

-4.333 

11804 

1300 

24 

1316 

11.3 

134 


TABLE  XIII  -  Continued 

CASE 

WO . 

%  °r 

N. 

*18 

*18  40 

41b  *1c 

F 

X 

Fv 

r 

(d«q) (daq) 

(d«q) 

(d»o) 

<d«<j>  (deal 

(deq)  (deal 

(lb) 

(lb) 

(lb) 

HP 

Idea) 

909*  1  .9 

•4.0  -3.6 

4.70 

4.90 

•9.09  -3 .300  -3.800  4.700 

5936 

33ft 

-6 

988 

5.3 

9 

-4.300  -1.800  5.300 

7217 

564 

59 

1092 

6.9 

3 

-4.800  -3.300  5,600 

10383 

841 

SOS 

1249 

8.4 

-9.500  -0.500  4.800 

10266 

923 

21 

1257 

8.7 

-6 .594 

0.900  5.417 

11181 

1104 

ftl 

1378 

10.3 

6 

-6.718 

1.066  5.371 

11404 

1181 

18 

1387 

10, 5 

-6.793 

1  .154  5.340 

11489 

1198 

27 

1398 

10.6 

8 

-6.800 

1  .150  5,349 

11503 

1200 

29 

1399 

10.6 

*10-  1 

-9.4 

19.79 

1.97 

4.97  1.000 

3.000  -2.000 

8982 

935 

64 

10.1 

3 

1  .134 

1.163  2.372 

9872 

1200 

831 

3 

1  .300 

3.500  -3 .200 

6703 

478 

42 

1156 

10. 1 

4 

1  .900 

1.700  -1.100 

8792 

943 

26B 

1304 

9.5 

ft 

0.833 

2.754  -2.167 

11538 

1175 

77 

1387 

11  .1 

6 

-0.466 

5.127  -1.601 

11278 

1306 

-54 

14R8 

11.4 

7 

0.348 

3.620  -3.069 

11504 

1200 

27 

142ft 

11  .1 

8 

0.355 

3.007  -'.*.001 

11498 

1199 

29 

1424 

11  .1 

9 

0.352 

3.613  -3.062 

11508 

1201 

28 

142ft 

11.1 

311-  1 

14.79 

9.19 

9.69  2.000 

1.000  -2.100 

11303 

1170 

78 

1386 

10. ft 

2 

2.400 

1.600  -1.500 

6553 

536 

62 

1153 

9.0 

3 

2 .800 

2.000  -3.400 

4313 

49 

48 

988 

9  .2 

4 

3.000 

1.300  -1.750 

4306 

69 

68 

990 

8.9 

ft 

3.000 

0.634  -3,106 

11302 

1191 

33 

1391 

10.6 

6 

1  .948 

1  .064  -3.169 

11491 

1198 

13 

1384 

10.0 

7 

3.034 

0.810  -1.835 

11361 

1203 

7T 

1395 

10.4 

• 

1 .957 

1.032  -9.103 

11487 

1198 

28 

1394 

10.8 

9 

1.999 

1.020  -3.109 

11484 

1187 

38 

1394 

10.8 

313-  1  .9 

-4.0  -9.4 

7.0® 

9.19 

0.94  -5.000 

-2.000  -2.100 

15052 

1313 

30 

1471 

11.5 

2 

-4.400 

-2.300  -2.400 

13690 

3270 

-69 

1  387 

10.5 

3 

-4.800 

-2.700  -2.900 

1G189 

1081 

-11 

1412 

12.4' 

4 

-ft .200 

-3.100  -3.300 

17390 

518 

9 

1385 

17  3  1 

ft 

-5.066 

-1 .062  -0.911 

1 2034 

1477 

91 

1418 

9.8 

6 

-4.870 

-1.192  -1.002 

12733 

1427 

63 

1418 

9.5 

7 

-4.021 

-1.428  -1.132 

11858 

1362 

44 

1384 

9.2 

8 

-4.0B3 

-2.177  -1.501 

11547 

1226 

73 

1378 

8.8 

» 

-3.908 

-2.310  -1.546 

11528 

1207 

24 

1371 

8.7 

10 

-3.941 

-2.392  -1.548 

11477 

1198 

29 

1315 

8.7 

319-  1 

9.89 

7.87 

4.99  -4.000 

2.000  -S.OOO 

10179 

1217 

-197 

129/ 

10.6 

3 

-4 . JOO 

2.300  -4.700 

10569 

1316 

-168 

1340 

10.9 

3 

-4.600 

1.000  -5.200 

12071 

1409 

-195 

1444 

12  .5 

4 

-5.000 

1.700  -4.300 

15104 

1493 

172 

1540 

13.4 

5 

-4.048 

1.257  -4.C53 

11728 

1337 

-87 

1363 

n  ,i 

0 

-l .670 

-0.232  -4.856 

4724 

373 

4 

903 

6.0 

7 

-3.890 

0.937  -4.507 

1171ft 

1318 

-27 

noi 

10.8 

8 

-3.880 

0.918  -4.560 

11714 

131  4 

-28 

1350 

10.8 

0 

-3.260 

-0.099  -4.640 

11354 

1179 

17 

1700 

13.0 

10 

-3.277 

-0.104  -4.623 

11413 

1185 

23 

1289 

10. 0 

11 

-3.358 

-0.030  -4.575 

11564 

1210 

30 

130? 

10.1 

13 

-3.336 

-0.051  -4 . ft92 

11524 

1703 

28 

1298 

10.1 

914-  1 

-9.8 

9.09 

10.93 

9.97  -4.000 

-2.000  -5.000 

12741 

1343 

-200 

1431 

11  .4 

3 

-4.500 

-1.500  -4.000 

13470 

1485 

-144 

1503 

11  .9 

3 

-4.900 

-Z.300  -5.400 

15649 

920 

-143 

1483 

17.0 

4 

-5.300 

-2.700  -5.000 

16148 

355 

-124 

146ft 

74.4 

ft 

-5.692 

-0.224  -3.489 

1447ft 

1781 

47 

165ft 

13.0 

6 

-5.551 

-0.372  -3.572 

14281 

1255 

31 

1030 

12.8 

7 

-4.891 

-1.243  -3.560 

13597 

1858 

03 

1558 

11  .8 

8 

-2  .097 

-4.071  -4.179 

11109 

1121 

64 

1288 

9.5 

9 

-9.034 

-3.573  -4.211 

11430 

1188 

31 

1320 

8.6 

10 

-3.100 

-9.484  -4.204 

11501 

1200 

38 

1387 

8.8 

11 

-3.086 

-3.482  -4.201 

11304 

1200 

39 

1327 

8.8 

13 

-3.084 

-3.492  -4.903 

11498 

1300 

88 

1337 

9.9 

135 


TABLE  XIII  -  Continued 


CASS 

.(0. 

%  °r 

(deg) (deg) 

aq 

(d«g) 

■l. 

(deg) 

*1. 

(deg) 

4o 

(deg) 

41. 

(da  i) 

4 10 
(deg) 

r« 

(lb) 

F, 

(lb) 

rv 

(lb) 

P 

HP 

(deg) 

91ft-  1 

.3 

.4.0  .9.6 

13.30 

3.60 

3.34 

1.000 

1.100 

-2.000 

11517 

1203 

28 

1354 

9.6 

3 

1.400 

l  .600 

-1.500 

7166 

671 

40 

1 161 

7,9 

3 

1.600 

2.000 

-2 .500 

4912 

211 

1 

1008 

6.2 

4 

2.200 

2.400 

-1 .000 

-289 

-1131 

294 

652 

7.3 

ft 

1 .00? 

l  .102 

-2.000 

11499 

1201 

21 

1353 

9,5 

6 

1 .001 

1 .101 

-1.997 

11511 

1204 

28 

1354 

9.5 

7 

1.001 

1.100 

-1.995 

11503 

1202 

29 

1354 

9.5 

9X6-  1 

7,00 

9.04 

1.97 

-4.000 

1.000 

-2.000 

10056 

1067 

-15 

1241 

6.6 

2 

-4.300 

1.500 

-2.300 

11113 

1136 

-93 

1271 

9.4 

3 

-4.600 

2.000 

-2.600 

11562 

1186 

-179 

1302 

10. 1 

4 

-4.600 

2.300 

-1.700 

11377 

1294 

-40 

1340 

10. 0 

5 

-4 . 382 

1.C31 

-2.530 

11310 

1142 

-141 

1277 

9.7 

6 

-3.072 

0.853 

-2.249 

10G56 

1050 

-43 

1227 

8.5 

7 

-4.127 

1.182 

-2.093 

10889 

1113 

-37 

1256 

9.1 

8 

-4.394 

1.280 

-1.681 

11436 

1207 

43 

130? 

9.. 

9 

-4.372 

l  .250 

-1 . 788 

11496 

1198 

28 

1300 

9.4 

217-  1 

9.00 

9.00 

9.90 

-3.000 

-1 .000 

-4.000 

12833 

1357 

•  102 

1385 

10. S 

2 

-2.700 

-1.300 

-3.600 

11921 

1311 

-27 

1341 

9.6 

3 

-3.300 

-1.600 

-4.400 

15335 

1291 

-94 

1448 

12.5 

4 

-3 . 600 

-2.000 

•4.600 

16663 

709 

-56 

1395 

16.5 

5 

•a.ftfti 

-1.59ft 

-3.367 

11724 

1293 

32 

1328 

9.3 

6 

-2  .ft&ft 

-1.615 

-3.333 

11773 

1299 

41 

1331 

9.3 

7 

-2.541 

•1 .638 

-3.347 

11757 

1293 

40 

1329 

9.3 

6 

-2.2X1 

-8. Ill 

-3.666 

11526 

1302 

99 

1292 

9.1 

216-  \ 

.3 

-4.0  -9.6 

13.00 

3.93 

1.44 

1  .000 

1  .100 

0.100 

9RG9 

908 

80 

1274 

6.8 

2 

1  .500 

1  .800 

0 .800 

3888 

-40 

56 

02  4 

6.5 

3 

2  .000 

2  .400 

1  .000 

-1003 

-1478 

226 

643 

6.6 

4 

2.400 

2  .800 

1  .500 

•  50G2 

-2888 

418 

270 

7.1 

ft 

0.659 

0.498 

1  .969 

11829 

1336 

658 

1415 

5.S 

6 

0.653 

0.415 

2.028 

11819 

1339 

670 

1416 

5.8 

7 

0  .964 

1  .101 

-0 .486 

1  07  49 

1019 

2 

1201 

7.4 

8 

0  .BBS 

0  .984 

-0.390 

11160 

1092 

44 

1319 

7.5 

9 

1  .040 

1.173 

-0.590 

10.93 

950 

-29 

1265 

7.4 

10 

0.733 

1  .171 

-0.088 

114:0 

1135 

83 

1337 

7.3 

11 

0.752 

1  .138 

-0.090 

11423 

1133 

85 

1336 

7.3 

12 

0 .211 

1  .984  ’ 

-0.035 

11641 

1228 

30 

1381 

7.3 

13 

0.3?2 

1  .8R9 

-0  .073 

11510 

1202 

28 

1370 

7.5 

14 

0,323 

1  .887 

-0 .070 

11521 

1204 

28 

1371 

7  .5 

219-  1 

14.93 

1.16 

4.74 

2 .000 

3.000 

-2.100 

9496 

897 

64 

1344 

11  .8 

2 

2.500 

2 .700 

-1.800 

7284 

543 

135 

1214 

11.1 

3 

2.9O0 

3.300 

-2.400 

4244 

-78 

135 

1018 

11  3 

4 

3.400 

3.800 

-2  .900 

1257 

-824 

284 

810 

11.5 

ft 

1.507 

3.41  0 

-2.510 

11450 

1 1  41 

-3 

1  444 

12.6 

6 

1 .594 

3  .085 

-2 .185 

11562 

1163 

79 

1440 

12  4 

7 

1.579 

3.103 

-2 .203 

116)5 

1169 

75 

1448 

12.4 

8 

1.564 

3.104 

-2  .264 

11586 

1164 

59 

1447 

12  .3 

9 

l  .947 

2.220 

-1  .310 

1 1218 

1144 

293 

1427 

11  4 

10 

1 .299 

3.486 

-2.770 

12606 

1241 

-58 

1488 

13.4 

n 

1  .390 

3.571 

-2.420 

114T9 

1166 

0 

1455 

12.7 

12 

l  .225 

3.705 

-2.120 

11517 

1218 

38 

1474 

12.3 

13 

1  .285 

3.691 

-2  .210 

11509 

1202 

28 

1469 

12.6 

220-1 

.3 

-4.0  -0.4 

10.07 

7.34 

9.40 

-1  .379 

-i  .349 

-2.529 

11960 

1253 

66 

1303 

8.5 

2 

-1.500 

-1  .600 

-2.700 

13179 

1783 

99 

1338 

9.3 

3 

-1  .700 

-1 .000 

-2.300 

12446 

1354 

98 

1349 

8.6 

4 

-1.000 

-1 .700 

-2.100 

10657 

1155 

124 

1247 

7.4 

ft 

-1  .214 

-1.420 

-2 . 667 

11508 

1196 

32 

1275 

8.2 

6 

-1  .228 

-1 .38B 

-2.671 

11493 

1 197 

28 

1275 

8.2 

221-1 

9.33 

4.14 

1.63 

-3.100 

2.200 

-0.760 

12663 

1334 

66 

1349 

9.3 

2 

-2 .800 

1 .900 

-1 .000 

12248 

1249 

30 

1308 

8.9 

3 

-3.300 

1.600 

-0.500 

14635 

1407 

278 

1417 

10.2 

4 

-3.600 

1.300- 

-1.300 

17019 

1276 

293 

1445 

11.9 

ft 

-2.394 

1.489 

-1 .009 

11376 

1140 

35 

1254 

8.1 

6 

-2.537 

1.693 

-0.938 

11454 

1176 

34 

1267 

8.3 

7 

-2.653 

1.685 

-0.889 

11515 

1203 

99 

1279 

8.4 

6 

-2.634 

1.660 

-0.899 

11498 

1199 

29 

1277 

136 
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TABLE 

XIV 

.  LIST  OF  COMPUTER  RUNS  FOR  THE  CTR-A3 
CONFIGURATION.  V  »  120  KTS 

1  ' 1  1 

CASK 

Bx 

a 

r 

Ao  'll  k\m 

‘o 

*1.  4lo 

% 

FV 

1 

NO. 

<d«j) (d«q) 

<d«g)  (d«o>  <d«q> 

(d»9> 

(d«9>  (d«g) 

<1M 

(lb) 

(lb) 

HP  ) 

301-1 

.3 

•8.0 

9.5 

10,019  3.443  -1,495 

1  .300 

-1 .000  1 .000 

3093 

•316 

-39.6 

803.5 

4.20 

2 

l  .300 

-1.300  1.300 

5401 

206 

-34.3 

918.8 

3.97 

3 

l  .BOO 

-0.750  1,600 

-389 

-loss 

-33  .3 

570.9 

4.62 

4 

9 .100 

-1,600  0 .730 

1736 

-403 

-48.3 

710.3 

4.26 

ft 

-0 .BIO 

-0.303  3.344 

1  0938 

1137 

373.3 

1339.0 

3.23 

6 

•1  .374 

0.384  3.804 

10974 

1223 

361  .6 

1377  .3 

ft.  07 

7 

0.313 

-1.103  2.114 

9130 

780 

137.1 

1177  .3 

4.40 

8 

-0.108 

•  1,038  1.941 

1117$ 

984 

203. t 

1260.8 

5.60 

a 

-1  .473 

1.317  1.676 

11644 

1217 

10.4 

1353.1 

6.6ft 

10 

•1 .402 

1.102  1 .903 

11313 

1202 

32.3 

1347  .3 

5.50 

n 

-1  . 3D? 

1.195  1.900 

11502 

1300 

29.8 

1346.3 

8.50 

12 

-1 .390 

1 .103  1 .948 

1 1489 

1198 

20.0 

134ft 

5.49 

303-1 

.3 

-8.0 

9.0 

7.99  9.19  .349 

-4.000 

-1  .430  -1  .130 

13579 

1436 

113.1 

1440.3 

9 .38 

2 

-4.080 

-3.180  -1.300 

13394 

uoo 

94.0 

1385.9 

9  .’3 

3 

-4  .000 

-2.300  -1  .530 

13302 

1279 

92.7 

1377.7 

9.16 

4 

-3 .910 

-2 .300  -1  .548 

13313 

1208 

98.4 

1372.3 

9.17 

5 

-2.247 

-3.530  -1  .067 

8547 

800 

9.0 

1118.8 

3.50 

6 

-3.813 

-1 .956  -1 .414 

11061 

1228 

19.3 

1322  .5 

8.01 

7 

•3.078 

-2 .113  -1  .412 

11493 

1198 

38.8 

1308.3 

7.83 

303-1 

.3 

-8.0 

9.5 

10.079  7 .949  9.403 

-1 .000 

-1.300  -1 .300 

10709 

1308 

190.8 

1262.9 

7.22 

2 

-0.750 

-1 .600  -1 .200 

9902 

1123 

227.3 

1246.2 

6.40 

3 

-0.500 

-l  .000  -0.900 

6861 

744 

132.5 

1086.3 

6.40 

4 

-1 .300 

-0.730  -1  .000 

10308 

1233 

313.4 

1297.3 

6.68 

ft 

-1  .313 

•0.684  -9.471 

11613 

1231 

-8.3 

1303.5 

6.71 

6 

•0.833 

-1.334  -9.660 

11438 

1167 

36.7 

1273.2 

8.64 

7 

-1.044 

-1.117  -9.607 

31496 

1197 

39.4 

1266.3 

8.63 

8 

-1 .035 

-1.098  -9.903 

11603 

1300 

31.9 

1387.8 

9.85 
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•  ffcw  mo«*  su»n  n**  courtnis  aim  mi 


CA5f  33 

n 

M 

M 

604  ■ 

in 

*13 

005 

on 

OIC 

H# 

M.M 

3  AD 

419 

3309-C  t-  l 

14335.1 

1532.8 

-3.4 

4.692 

5.268 

1.154 

-3.291 

1.702 

-1.149 

1516.0 

11.020 

0.450 

210.0 

130A-C1-  2 

17552.1 

1193.  1 

42.8 

4.  200 

9,500 

0.800 

-3.791 

1.702 

-1.349 

1409.7 

11*771 

0,  400 

210*0 

3300-n-  3 

17795.8 

12K7.fr 

-132.0 

4.400 

4.000 

0.  200 

-3.241 

1.782 

-1.349 

1446,2 

11*944 

0*400 

710*0 

’000-C1-  * 

18351.3 

1217.0 

-461. 7 

4,600 

4.500 

-1.000 

-3.241 

1.702 

-1.349 

1488,1 

12*419 

0,  500 

723.0 

3000-C1-  3 

12310.4 

1047.5 

-75.8 

0.07? 

4.114 

1.000 

-3.291 

1.782 

-1.349 

1257,6 

0*253 

•  000 

270.0 

300O-CI-  6 

11405.2 

1091.7 

5.2 

8.  183 

4.672 

1.631 

-3.241 

1.702 

-1.149 

1260.5 

7.099 

•  000 

270.0 

1100-Ct-  7 

11425.4 

1197.2 

26.7 

8.454 

3.14! 

1.834 

-3.241 

1.702 

-1.349 

1296.? 

0*070 

.000 

2  70.0 

I30ft-f.|-  8 

11«88.4 

1146.8 

24.7 

8.486 

‘ 5,?|9 

1.091 

-3.241 

1.782 

-1.344 

1299.2 

0*074 

.000 

270*0 

3DOO-C1-  9 

11900.3 

1200.7 

24*1 

8.447 

4.237 

1.090 

-3.241 

1.782 

-1.344 

1300.7 

0.005 

.000 

270.0 

1100-C2-  l 

4747.4 

1014.4 

42.3 

0.418 

4,627 

-1.150 

-1.541 

-0.6T1 

1.227 

1232.2 

4.029 

.  720 

nrnr 

130 n-r.?-  2 

13151.4 

1127.4 

622.3 

4.700 

3.300 

0.900 

-1.541 

-0.671 

1.727 

1316.4 

6.623 

.650 

274.0 

3300-f?-  1 

1  3497.4 

1204.4 

448.4 

4.400 

4,000 

0.  200 

-1.341 

-0.671 

U227 

1346.  1 

6.063 

.650 

725*0 

3 no^-r?-  4 

14)01.0 

1777*7 

73  8.  4 

4.  600 

4.900 

-1.000 

-1.341 

-0.671 

1.227 

1387. <8 

7.444 

,  60? 

use 

rjao-c?-  5 

11568.7 

1241.8 

11.4 

4.404 

5,811 

-1.500 

-1.541 

-0.671 

1.227 

1332.0 

9.092 

.720 

115.0 

1300-C 2*  * 

11504.4 

1214.2 

27.1 

4.  134 

3.679 

-1.450 

-1.541 

-0.671 

1.227 

1322.5 

9*046 

,720 

115.0 

3?00-C2-  7 

11499.4 

1185.7 

33.1 

4.753 

.5.499 

-1.463 

-1.591 

-0.4T1 

1.277 

1312. 7 

9*045 

.  720 

319.0 

1100-C2-  8 

11506.3 

1201.3 

28.4 

9.241 

5,  4«1 

-1.461 

-1.391 

-0.671 

1.227 

1310.  1 

9.090 

,720 

115*0 

3100-C3-  1 

16675.5 

138  7.1 

279,1 

4,448 

5.970 

0.406 

-2.620 

-0.550 

-1.057 

1464.2 

10.009 

•  500 

225*0 

10*0-fl-  2 

14511.4 

000.9 

551.3 

9.  200 

3.400 

0.900 

-2.678 

-0.550 

-1.057 

1319.9 

13*521 

.400 

225.0 

1330-C3-  3 

19654.5 

822.6 

354,4 

4.  400 

4.000 

0.200 

-2.629 

-0.850 

-t."57 

1 160.0 

14.052 

,400 

229.0 

■'300-C3-  4 

14951.2 

,  731.5 

-42.4 

9.600 

4.500 

-l.ooo 

-2.628 

-0.550 

-1.057 

1174.5 

15.113 

.400 

229.0 

1300-C3-  5 

10505.2 

791.4 

302.4 

7.  359 

4.403 

1.993 

-2.620 

-0.350 

-1.051 

1144.0 

4*409 

.900 

210.0 

1300-ri-  6 

11581. 3 

1046.2 

145.  1 

8.  21 2  • 

6.094 

1.276 

-2.628 

-0.550 

-1.057 

1265.9 

7.2M 

.900 

210.0 

3300-C3-  7 

11421. 7 

1205.0 

24.0 

8.515 

7.046 

0.7  75 

-2.628 

-0.590 

-1.057 

1301.2 

7.197 

.500 

210.0 

J300-C3-  8 

11529.5 

1208.6 

71.5 

8.314 

6.995 

0.770 

-2.678 

-0.550 

-1.057 

1306.0 

7.261 

.500 

210.0 

JDOO-r.l-  9 

1153  7.0 

1199.8 

30.5 

8.490 

6.419 

0.703 

-2.6?0 

-0.550 

-1.057 

1302.7 

7.269 

•  900 

210*0 

sooo-rvio 

11505. 9 

1700.4 

28.8 

8.491 

6.464 

0.782 

-2.628 

-0.550 

-1.057 

1302.9 

7.252 

v.  900 

710*0 

3100-C4-  i 

17421.1 

1543.4 

-45.7 

4.  800 

4.241 

0.682 

-3.716 

2.830 

-0.945 

1961.0 

11*600 

,090 

259*0 

11G0-C4-  2 

14516.2 

1341.2 

-0.1 

4.200 

3.400 

0.  9  00 

-3.716 

2.019 

-0.049 

1465.0 

10.993 

.090 

255.0 

3030-C4-  3 

16756. 3 

1431.6 

-174.1 

4.400 

4.000 

0.700 

-3.716 

2.030 

-0.045 

1501.  1 

11*114 

,890 

255.0 

1370-C4-  4 

17119.5 

1461.6 

-497.4 

9.  600 

4.500 

-»*rt00 

-1.716 

2.0  30 

-0*445 

1540. 7 

11*451 

.  890 

259.0 

3000-C4-  3 

10715.4 

445.0 

-22.2 

7.58  7 

3.218 

1.211 

-3.716 

2.030 

-0.045 

1207.0 

7.690 

O.970 

745.0 

»00-C4-  4 

11866.2 

1240.9 

-4.4 

8.410 

4.144 

1.498 

-3.716 

2.830 

-0.045 

1377.8 

8.491 

1*000 

255.0 

330ft-Cfc-  7 

11470.5 

1185.9 

20.5 

8.272 

4.200 

1.617 

-3.716 

2.  0  <0 

-0.043 

1102.6 

8.246 

1*000 

255.0 

1300-C4-  8 

11500. 7 

1202.1 

24.3 

1.319 

*4.273 

t.649 

-3.716 

2.318 

-0.045 

1308.9 

0.24  9 

1*000 

255.0 

330O-f3-  1 

11957.9 

1557.0 

360.7 

4.506 

2.055 

1.510 

-3.347 

3.024 

1.564 

1496.3 

9.054 

0.090 

240.0 

Ijno-c*-  2 

12157.9 

1417.8 

296.7 

9.200 

1.500 

0.400 

-3.142 

3.024 

1.564 

1427.1 

8.019 

0.090 

240.0 

1390-C*-  3 

1249  3.-. 

1524.3 

170.0 

4*400 

4.000 

0.  200 

-1.147 

3.0?4 

1.564 

1461.6 

0.  141 

890 

740.  0 

3)0i1-CW  4 

13190.6 

1622.3 

-71,6 

4.600 

4.500 

-1.000 

-1.147 

3.024 

1.969 

1  507.0 

0.500 

C.  090 

240.  0 

3300-C5-  5 

1154  6.5 

1,180.7 

109.2 

8.  539 

2.719 

-0.243 

-3.347 

3.024 

1.569 

1331.  9 

7.504 

0.890 

240.0 

3000-CV  4 

11494.5 

1149.9 

26.7 

8.561 

2.937 

-0.692 

-3.347 

3.024 

1.569 

1111.0 

7.451 

0.890 

240.  0 

3300-C%-  r 

•  11504.8 

1200.4 

29.2 

8.461 

2.450 

-0.691 

-3.347 

1.074 

1.569 

1314.1 

7.450 

0.  890 

74  0.0 

3000-/6-  l 

12108.4 

1278.4 

4  0.4 

11.490 

4.265 

1.913 

-0. 102 

1.011 

-0.676 

1164.6 

0.260 

tri  400 

195*0 

3000-C6-  2 

12781.8 

1171.2 

-24.2 

11.700 

4.500 

1.200 

-0.  102 

1.01  J 

-0.676 

1*07.7 

0.650 

0.4C0 

299.0 

3000-C6-  3 

9609.2 

1023.8 

-84.3 

11.000 

4.800 

1.000 

-0.102 

1.013 

-0.676  ' 

1749.6 

6.  704 

.4  CO 

100*0 

330O-C6-  4 

9341.7 

406.6 

64.4 

10. 700 

1.900 

1.800 

-0.102 

1.013 

-0.676 

1  09.6 

6*  742 

.350 

100.0 

3000-C6-  5 

11499.  I 

120Q.8 

29.1 

11.328 

4.245 

1.512 

-0.302 

1.011 

-0.676 

1314.1 

7.055 

.400 

195.0 

1300-C7-  l 

12192.3 

1764.4 

53.7 

11.319 

6.111 

-0.109 

0.316 

-1.666 

-0.022 

1141.1 

6.969 

0.500 

210.0 

3000-C7-  2 

13373.4 

1389.4 

5.6 

11. 700 

6.400 

-0.400 

0.316 

-1.666 

-0.022 

1405.4 

7.952 

0.450 

210.0 

3300-C7-  1 

11090.2 

1171.8 

-45.1 

11.000 

5.000 

-0.700 

0.  116 

-1.666 

-0.022 

1102.7 

6.600 

0*500 

?!0.0 

3000-C7-  4 

10990.4 

1053.3 

113.4 

10.700 

5.300 

0.  I0O 

0.316 

-1.646 

-0.072 

K  24  1.8 

5.688 

0.450 

1«5.0 

3000-CT-  5 

11569.  7 

1191.6 

13.0 

11.052 

9.466 

-0.797 

0.316 

*1.666 

-0.072 

1304.1 

6.356 

0.900 

210.0 

3300-C7-  4 

11495. 7 

1198.3 

28.3 

11.073 

6.C23 

-0.181 

0.316 

- 1.666 

-0.02? 

1)05.2 

6.  192 

0*500 

210.0 

3000-C7-  r 

11492.8 

1149.0 

28.9 

11.080 

6.032 

-0.181 

0.316 

-1.66* 

-0.022 

1305.4 

6.353 

C*  500 

210.0 
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•  1  TO** 

PC**  10670(14 

4F*VO 

H»»  cnilixS  ‘ 

mi  mai 

AIN 

C»S*  *9 

Ff 

*1 

IT 

301 

•  1) 

MS 

804 

814 

01c 

M0 

UM 

•  40 

M50-C8- 
10G0-C  *- 
nip-f  •* 
doo-ca- 
nap*(»- 

10OO-C"- 

»9OO-t0- 

1 

i 

4 

3 

* 

7 

lift}*.  • 

1 1106.  1 
m>, ) 
lift  1. 3 

1  MIS.? 

i  mo.  7 
lift*  I.  7 

122  7.9 
1*09.3 
931.0 
«)6.  2 
nn.i 

1 1  IB. V 
1193.0 

)).* 
1)9.4 
“ft).  9 
93.) 

4  7.3 

32.9 

21.0 

11.1)5 
11*  TOO 
10. 700 
10.900 
ll.OM 
l  1 . 0*3 
11.07) 

4.03) 
4.100 
4.900 
3.700 
3.13) 
ft.  Ill 
-ft. 912 

-2m0) 
-2. 100 
-7.  700 
•2.0)0 
-2.))) 
-2.3ft) 

0.3ftl 
0.361 
0.3ft  1 
0.  *6  1 
0.361 
0.361 
O.ftftl 

-1.641 
-1.64  1 
-1.641 
-1,641 
-1.641 
•1.641 
-1.641 

2.227 

2.227 

2.227 

7.227 
7.  ??T 

2.227 
2.227 

1)47.  1 
16*4.1 
1226.1 
1191.) 
17)7.4 

i))j.e 

1)43.1 

4.972 

T.O*0 

6.411 
6.  *0) 
9.901 

4.411 
4.091 

C.  640 
0.440 
0.640 
0.  64) 
0.640 
0.610 
0.640 

1)0.0 

1)0.0 

))0.9 

1)9.0 

))9.C 

1)0.0 

1)0.0 
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2214.2 

-3»4,C 

22. J09 

14*6*4 

-4.414 

3,157 

-2,559 

0.408 

2544, | 

11.031 

1*000 

300.0 

>00-23-. 

i  _ 

10112,1 _ 1938,  ?_ 

_ 

n.iii 

16.471 

-2,547 

3,951 

Udi*  1.53?  JO?!# 

500-/ V 

2 

do  /  2  «  6 

1568, 5 

-56C.  C 

;  u  ioo 

16.700 

-2.230 

3.953 

-5,539 

-2.200 

2065,;, 

10.926 

uoco 

300.0 

500-/5- 

3 

UioM 

2051,0 

21*600 

16.100 

-2, 000 

3.95J 

-5,539 

-2.200 

2371,9 

l  J.  521 

l.COC 

joo.o 

500-/5- 

. 

12990, T 

2180. 3 

__  *721.2 

21*500 

15.800 

.*3,  100 

3.953 

-5,539 

-2.200 

2511,6 

t*.*Jl. 

1*000 

310.£ 

50  0-? 5- 

5 

11587,8 

2043, 8 

-689,2 

21.539 

15.41? 

-2.792 

3.953 

-5,539 

-2.200 

2371.  1 

13.616 

ucoo 

300.0 

500-/  }- 

6 

1  lt>Jd.  J 

2032,6 

-69C,? 

21.572 

15.562 

-2.796 

3.953 

•).))! 

-2.200 

>m.,> 

13.652 

ucoo 

130.0 

500-2  5- 

7 

11516,  7 

..  2227,0. 

*  744,2 

22,291 

17.301 

-2.907. 

_  3*953 

-.5,539  ^ 

-2.200_ 

<466,  1 

13.998 

300-|6*U 

500-2 v- 

1  81*7-1 

J41  7.9 

-501.0 

20.861 

11. 1ST 

-0.73i 

4*741 

-».) 15_ 

-4,808 

7018. £ 

12.991  1,00!  _ 

JOO.O 

2 

7 822. 7 

1205.6 

-516,1 

20.500 

18,400 

-1.000 

4.74  8 

-8.518 

-4.808 

(951.2 

12.000 

u  ooo 

300.0 

500-/4- 

3 

5960.6 

919.0 

-355,7 

20, 300 

16, 900 

*0.400 

4.74  8 

-8.518 

—4,808 

1747. j 

10.432 

uooo 

300.0 

500-/4- 

4 

5979, 9_ 

*81,  S 

-**<,? 

20, fOO 

19,800 

-1.300 

4.748 

-8.518 

-4.808 

5732.? 

10,450  t.ccq 

>00*5 

500-/4- 

5 

llvloO,  7 

1916.1 

-718. 3 

22. CiO 

15,110 

-1.704 

4.748 

-9.518 

-4.808 

2188,0 

16. 759 

uooo 

300.0 

5GC-  /  4— 

6 

10550, 3 

164*. 7 

-597*8 

20. 996 

17,554 

-1.263 

4.748 

-8.518 

-4.808 

221 4.  • 

15.457 

UOOO 

300.0 

5UU-2  4- 

7 

12405,0 

20  31,  8 

-625.5 

23.061 

19**54 

9.791 

-8.518 

-4.808 

2595.  «* 

20.440 

ucoo 

300.0 

30u-/4- 

11730,2 

2380.4 

-795,6 

23.906 

21,816 

*1.813 

4.7*6 

-8.518 

-4.838 

:690. n 

19.095 

uooo 

300.0 

5or-/  4- 

9 

11595, 7 

2213.9 

-747,7 

23. 253 

20,820 

-1,678 

9.?9t 

-8.518 

-4.838 

; 596.  i 

te.299 

uooo 

300.  C 

JO  o- 7  9-JL  <<___»)»)  U  >. 

_  2206.?, 

-745,3 

?).m 

20,872. 

-l.eto. 

4,748 

-8.518 

-4,808 

,573. ? 

18.048 

l.COO 

300, C 

3C0-25-.1 _ 

_  9590,4 

,_193U7_ 

-2C,4  18.C22 

13.652 

_  C.O  .  _ 

-1*261. 

_ C»  2 1 8_ 

2241,6 

-^.•9i_).eco_i»4,o 

500-/ V-  2 

13680*  5 

2604. t 

-326.9  18.300 

11.250 

-4.300 

-1.263 

0.218 

-0.2)7 

,648.  3 

13.194  1.000  2.5,0 

500-/ 5-  3 

15*09.2 

2758,8 

-848,5  18.600 

12,400 

-4,600 

-l  ,263 

0.218 

-0*237 

?81 0*  5 

19.015  1.030  2.5,0 

500-(S-  4 

J 0994, 7 

_ 2701, ? _ 

-656,5  18.000 

13,900 

. *3. ?C0^ 

.-U263.. 

0.218, 

_l0.*)7 

,379,1 

_  lbl»7_X.0C0„2*5,5 

5M-/4-  5 

1  loo  U  2 

2332, 8 

-791.3  1  3.  109 

13,890 

-4.110 

-1.263 

0.218 

-0.2)7 

454,0 

11.701  I.C73  294.0 

5^1-7  6 

1157/.2 

2260,9 

-778,3  17.912 

U.57C 

-4.123 

-1.263 

0.216 

-0.2)7 

415.5 

ll.JM  1.-30  244.0 

500-/ 5-  7 

1151  7*4 

2222*9  _ 

-74  7.2  17.802 

11,166 

*4.002 

-1.263 

_r0.2)7_ 

2  3940- 

.  i  1,29  6 — oco _ 7* 4*  0 

500-/  fr- 

J 

_ 95??, 

1556,6 

_ -6C2. C 

13,651. 

15.358 

—1.951 

_r***8*; _ Q*0t5 

_-3.490  >09 U » 

_ 1.2,602.  _ 

JjlOCO  2J5.0 

500-/6- 

2 

7171.0 

1210,9 

-4 it, J 

13,  100 

15,600 

-1.570 

-4.898 

0,015 

-3.490 

1888. 3 

11.465 

UCOO 

285.0 

5  JO-7  6- 

3 

10380.4 

1 790.4 

-688.0 

13,5Cj 

15.CC0 

-2.200 

-4.8*8 

0.015 

-3.490 

;74fc. 4 

13.756 

ucoo 

263.0 

5  00-/4- 

_4 

_ 55*9, 7_ 

840*1 

_ -  3  4  C  •  5 

P.030 

15.400 

-1.300 

-4.888 _ 

0.015 

_ -3.490 

•683. 7 

10.156 

l.COO 

285.0 

4.  W  t- 

5 

1  1,76*  8 

18^2. 0 

-  6  J*  *  0 

13.436 

14. in 

-1.920 

-4.839 

0,015 

-  3.490 

3  2  5*3 

14,520 

l.CCO 

2S5.G 

5ro-/6- 

6 

U3ft9.9 

1434.6 

-tf f.3 

14.17? 

14.890 

-2.146 

-4.888 

0.015 

-3.490 

35  7.7 

14.58? 

ucoo 

785.  C 

7 

11517.8 

230  U  8 

- 7?C,4 

15.44  7 

16,55* 

-2.407 

-U88I 

0.015 

-3.490 

.‘5/8,  , 

15.292 

l.CCO 

285,0 

50  j-/  6- 

8 

1  15  39*  4 

2210,6 

-746,8 

15,  122 

16.441 

-2.289 

-4.H> 

0.015 

-3.490 

2521  ■,  3 

15.123 

1-CCO  285.0 

150 
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_ «eM«cu 

_  | _ lt*VQ  COHliOll _ 

*L»»  »»■ 

C  *11  'iQ 

n 

M 

M  *01  tit  *11 

001  CU  0 1C 

M* 

ftkM  MO  ll* 

10<WT-  | _ lOIMil.. 

itouo . 

.  .111.). 

10,212  _ 

10,27) 

403-n-  i 

154*. 2 

-472,* 

10,400 

1C. (00 

*oo-2i-  i 

11241. 2 

14**. > 

•7*1,2 

It. 100 

4.400 

tJMl*  *  . 

—  74 -..2  ... 

M2.»_  ■*»!,*  . 

io, loe 

10.400 

500-M-  4 

13041.  1 

U44.4 

-*24.4 

10,(1* 

4.46* 

J05-it-  • 

10141.0 

1410.* 

-40*. 1 

4. *65 

a.  166 

4'jWT-  7 

11*12*0 

2221.* 

•755.4 

12.025 

U.I47 

403-27-  1 

11*19.4 

2205,  1 

-7*5.2 

H»4*ft 

11.112 

>0<W*-  1 

'vi*)«* 

15*4.4 

..-111.2 

10. SOI 

12.5)7 

i 

77*2.  1 

124 J. J 

-*4#.ft 

10,000 

12.100 

53v-2(-  > 

101*0* » 

17.0,1 

-ft4?.l 

lO.ftOO 

12.100 

40C-2»-  * 

uiii.o  . 

It  1  4*  0 

->*U* 

10.400 

12. COO 

«C-3*?(-  5 

<5*»  J,  1 

1*41.7 

-♦11. < 

10.  752 

1  1.C40 

4V‘A-lfi*  * 

110/4.9 

20*4,  7 

••47,4 

11.450 

1  MCI 

St  W  i*-  7 

U2*v.  1 

2074.2 

-  7**,* 

11.172 

1  7.621 

403-2  6-  • 

11**2.  1 

2202.4 

-7*1.* 

12.  Dft 

I*. lb* 

*C3-2*-  | 

750*,ft 

10ft).* 

_ -522,1 . 

4.740 

l*.IO| 

400*1  V  2 

4022,4 

774,4 

-Ml.* 

4.400 

14.100 

500-1 V  | 

’ 4*1  ft. 2 

742. 1 

-*77.1 

4.200 

1**500 

40“-7*-  * 

...  41  i*.  1  . 

14*5, 2 

-*42.2 

to. coo 

4*,)O0 

50/ *-  i 

1 1015.4 

1141.0 

-577.2 

11,74? 

15. DC 

40?-!9-  * 

10034.* 

1S56.C 

-  4 1  C  .  1 

11.774 

14. 75« 

4C'-I*-  7 

l/l J4.  1 

2111.* 

-4*2.7 

l). 775 

1 7.756 

50*- 2*-  1 

11413,* 

22**.5 

-61). < 

t).*4* 

17.617 

400-79-  0 

11511.  * 

2214. 7 

-  1)  J.* 

17.256 

11.6*0 

5  '?-2>»-  ig 

_ 11*44,  T__ 

7**.*. 

1). 2/1 

l  1 ,  <  50  _ 

40<WPU  1 

_ | 1 *42, ft  _ 

22*2.1 

.  _t 7 7C, ) 

14, III 

*  c  *  45 

50  3-/ft-  * 

••*t,  1 

1744.7 

-•Tft.  7 

|4.*00 

4.5C0 

4t>2*-  1 

10U4.* 

!?•*,  4 

-742.  4 

14. 100 

4.  SC  O 

4^  -2*-  % 

1  J4  *  7 . ft 

*71 6.4 

•  #»  7.  * 

20.000 

4.C.V3 

40--2*-  5 

11471,  1 

22*1,* 

-7*4,4 

1*. »»* 

*.*«* 

40J-I*-  ft 

11*0.  1 

2  144.  0 

-  742.2 

1*. 467 

4.M* 

_>O0-2j-_J _ I0t*t#0_  Iftlftl. 

-22.74) 

t  1.4*6 

40C-I1-  2 

1251 1, 7 

2)00.* 

.m.i 

.2.(30 

l 1.400 

4C:-72-  1 

IM2.I 

1102. ft 

-«*4,  ft 

21.100 

12. ICO 

4CW7-  4 

_  4*34.*. 

*68. > 

-4)7.4 

21,470 

12.400 

%«!»•!!•  4 

ll«74,2 

21)1.0 

•112.* 

22.2D 

11.176 

4CW|-  • 

125  11,  7 

2  712 . ft 

-  4*  t  *  • 

2*.  H  1 

I*.1T) 

5«.*-»7-  t 

13771,* 

2*47.4 

•  471.4 

2*. ri< 

1  * . 70 1 

5U>2  2-  • 

11555,0 

2*20.6 

•251. * 

2*. *21 

:  1.4*1 

MV-7I-  9 

714*.  5 

1*4.0 

•*lf.  0 

21. *3  ) 

r.,?*i 

4f  -2/-IV 

11742,1 

2)2  7.2 

-  7ft*. ft 

2  7.  1  )  * 

12.76) 

4U  Wl*  11 

11**4, 2 

21*4.4 

•7J2.* 

22. -77 

12.510 

40WI-I2 

11*3*. 0 

2lftft.* 

•7)2.* 

22.  r*« 

12.74* 

wc-U-iJ 

1  l>3  »•  7 

221  ).! 

-  7**.  * 

22  .  ft*  > 

12. *4) 

1,061 _ 1*4*. *_ 

>*»>*!_ J..C0O 

JLVfiiA 

1,061 

2)07.0 

Ift.lftO 

1.  cco 

2*0.0 

1,061 

24*6.0 

l*.t*l 

0.  (90 

224,0 

I.Cftl 

21(6.  7 

)*. 11) 

1.  cco 

. -m.fi 

I.Cftl 

2416.2 

1  ft. 450  ’ 

C.  (90~ 

225.0 

1,061 

2)63.  ) 

1 *• 257 

C,  (90 

224,0 

I.Cftl 

276*. ft 

1*. 7b* 

C.  (90 

225.0. 

I.CII 

~  2  7*6.  * 

1*. 7*2 

C.  ft 60 

224.0 

1.427 

2  2  7  7, ft 

.1.000 

J7t»0 

1.52  7 

J 10  ft .6 

11.  •** 

1.  cco 

244.0 

1,527 

2*06. ft 

14.0*7 

l.CCO 

254.0 

1,427 

2406.) 

15.24) 

uecc 

254.0 

1.427 

23*5. « 

1*.  ’41 

uooo 

249. e 

US27 

2*47.* 

IS. *79 

l.CCO 

244.0 

1.427 

2*46,1 

14. *45 

WOCO 

245.0 

1,527 

27)7.0 

14.4(6 

l.CCO 

255.0 

_lJfti«e 

6.174 

11*7. C 

12.914 

I.COo 

270.C 

*.  1  74 

1*02.7 

1  ).C*I 

l.CCO 

2  70.0 

*.  1  14 

221). 2 

14.162 

t.000 

-2*0. $ 

*.  1  74 

2 4*G. * 

I7.|)| 

l.CCO 

270.0 

*.  1  >5 

2464.6 

1  T.C29 

l.CCO 

2I0.C 

*.  1 74 

2*16. * 

16.1*0 

_  1.000  2IC.C 

*.  U5 

2*00. * 

10.31) 

l.CCO 

t  7C.  C 

4.  114 

2(4  1.* 

1  7. * l  7 

I.  coo 

27C.C 

.*,  1 14 

21*1,  7 

!..(** 

J.cfio 

^  2  70,0 

6.46) 

JTlI.i _ ,«l**2 

_ucoo_i*o,i 

6.41) 

24 1 0, C 

6.270 

1.000 

2*0.  C 

*  •  4ft  ) 

2426. 7 

i' .  *  2  ft 

I.COO 

2*0. C 

*.  49) 

7112.  1 

1 :. 2*« 

l.CCO 

244,0 

6.4*) 

2  »**.  • 

*  I  Oft 

1.000 

2*0.  C 

6.4ft) 

27*1.  ) 

*,  4*4 

1.000 

2*0.0 

1 _ ..  1  JO 

_i.fi.ee  _m.fi 

).0I4 

26?  t • 7 

«.22ft 

1  ,U00 

no.c 

),  01  5 

211  1.  ft 

5.  1*7 

l.CCO 

115.0 

>.014 

1762.  7 

6.4*1 

o,  )-:c 

.120,0 

>■.015 

2727.2 

ft.  >66 

l.CCO 

110.0 

>•014 

>576. 4 

*.  ,4* 

ucoo 

>4  5,0 

1.015 

2**). 6 

*»  ‘60 

1.005 

>14.  C 

3. OJ5 

2H4  7 »  1 

*•  C  4  7 

l.CCO 

1)0.0 

i.0l> 

25)6,0 

5.1*3 

C.  ICO 

120.0 

).o;s 

2910.0 

ft.  ('I 

I.CCC 

J10.0 

3.014 

27)!.  6 

P.  546 

I.C03 

170.0 

I.Cl  5 

27?..? 

ft.  4  7 1 

l.CCO 

MO.  C 

1.015 

27*1,  ) 

_  ft. til 

l  *  cco 

UO.fi 

TABLE  XVII 


LIST  OF  COMPUTER  RUNS  FOR  THE  5-  AND  6 
BEADED  DCR-a  CONFIGURATION 


"Hi"  cftixn  um o  n»  con. oil  hi «  in 

cut  u  it  ii  >*  io<  ail  »u  ooj  cil  oil  hi  ii f i  mo  ii> 


44  9  3  1- 

1 

•Ut.? 

- 2*«P. 1 

-24.7 

450-I2- 

1 

141  JO.  t 

1704.3 

-1  45  7.2 

14?-*  V 

1 

i  >4*  i.  r 

1141.1 

-24)*. 4 

4SO~4  1* 

i 

132*1.4 

mo.  ? 

-2  791.0 

9S0-)  1- 

i 

l  J-l*.  | 

1?  1  l.C 

-2«M.  1 

540-  M- 

4 

i  D8J.1 

1*2*.  1 

-2  IH.  1 

540-1  \- 

4 

1/14  1.) 

200K0 

-2201.* 

5*0-*l* 

6 

1  1 

2b  10. 9 

-I  70*.  * 

**0-4*- 

7 

1 1 4  4 ; .  o 

2  90* . 2 

-4  J»  1.1 

*  *  r-  *  <• 

■ 

U*  14.4 

2*41.4 

-1  1?  1 . 0 

*M  -  »|- 

1 

IUJI.I 

27*2.4 

“2*4*.* 

**  1  -U- 

2 

1 IC  14.4 

?*0d . * 

-2  !2t.* 

*4  1  -II- 

i 

»  ■  1  4  *  .  0 

2*1*.  2 

-2*01.6 

N  *  1  -  •  1  * 

* 

.  »l  7.4 

7141.4 

-?  122.  7 

V  •  J  •  »  1  • 

* 

IU/27.9 

2250. 4 

-  1  *4*.  4 

*fl  4 :  • 

o 

•  /»  l.V 

1 4*4.2 

-1  *21.9 

>■>  l-  Il¬ 

7 

g9?  ».? 

! 719.2 

-  I  l 1*.  0 

ls  1  *4  1  * 

4 

/*  J.l.  1 

4  in«.0 

-  1  1CI.V 

'*  1- 4  !• 

9 

«-«•  1  .  i 

:*♦*.* 

-41*7.5 

*4  1-41- 

.0 

N  io.  o 

!  4  1  *  .  ? 

-1  121. « 

4*1-4  1- 

1 1 

•  J'0. 2 

14*4.1 

-1  l*i.  1 

**  1-4?- 

1 

120*. C 

- ( 70*.* 

**  1  -4?- 

i 

i?*s*. e 

MOt-  1 

-  4e?C.*. 

1 

)  5  *•  9.  * 

-  4  *0/.4 

94  l-n- 

* 

»2*U.  t 

)7n.(, 

-  1  >C  4 . 5 

45  »-02- 

4 

l/*/*.  0 

1224.0 

-1*07.0 

**;-!?- 

o 

ill*  i. 7 

3  ?  2  t  9 

-  4  *4*.  1 

*4  1-4?- 

? 

ll/B*.  « 

32  4  l.| 

-4*21.0 

44/-M- 

1 

1M  *  »  .  6 

)**».? 

S*?-4  1- 

2 

l»l?4. * 

52*2. 4 

-12C4.0 

»*^-4l- 

1 

1  i,**9. 4 

2VB4. | 

-l  )"0.6 

•* 

* 

151  .V-.? 

2  1/5.7 

-to/*.* 

*>?-•  1- 

> 

U  i3  7.  * 

17/4.0 

-  732.) 

4  9  2  *  1  1* 

4 

*Mo.  ? 

1C l5.4 

—  5  4  *  •  * 

**?-4  1- 

/ 

11511.4 

2240.4 

-  7)7.0 

4W-4I- 

• 

11474.4 

2219.0 

-  7*  4  .* 

14  1-41- 

1 

9 

2)55.0 

-84<,2 

2 

I  »  .  -4.0 

?*«  1.0 

-90*. 0 

44  »-4  l- 

i 

2'  Jt*  7 

-4  C0).  4 

44  )  -4  f 

• 

!'■*/«♦) 

2702.0 

-ioci,  i 

1 4  1-4  1* 

4 

1 

/£■»*. 0 

-097.0 

**4  -4  l- 

1 

Hi  11.4 

1700.4 

♦  ).? 

4  5*-M 

2 
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2.9  |6 

-0.04  J 

22 A l  ,6 

22.209 

l.CCC 

3 00.  C 

70  0-**— 

i 

12493.) 

198  7. T 

-  4  2  7  5.0 

21 .0a2 

14.767 

•f  ,4  7* 

—  A  »  <9  2 

2.807 

-2.C7I 

2 >00.6 

27.910 

I.CCO 

>00.  c 

700*  A>— 

2 

1224 v. 1 

2009. 4 

-  4/Ai.A 

21.292 

14.684 

-6.1*1 

-A. 291 

2.807 

-2.071 

2281.) 

27.101 

1  .ooc 

300.0 

700-AM- 

* 

110*4. 2 

202  J. A 

-DCS.  A 

21 .209 

1  4  •  C  l  ? 

-A.lvl 

-A. 292 

2.907 

-2.071 

22  71.8 

26.015 

1  .oco 

300.0 

700-*>*- 

A 

42207. 1 

19*4.8 

- 1 12  1  •  C 

21.0*2 

1* .0  l  ? 

-6.9-1 

-A. 242 

2.00  7 

-2.071 

2255.9 

17.126 

l.OOC 

500.0 

700-*i*- 

5 

I  4*96.0 

2  K>*.  2 

-4C27.A 

20. 49 A 

D.844 

-  4  .  A  4 1 

-A. 242 

2.807 

-2.071 

2218.0 

29.695 

l.CCC 

100.6 

TABLE  XX.  LIST  OF  COMPUTER  RUNS  FOR  THE 
CTK-G  CONFIGURATION  FOR  LOAD 
FACTORS  GREATER  THAN  n  =  1.0, 
V  =  160  KTS  2 


CASt 

NJ 

u 

7  I 

M 

t>l  ICH 

AOS 

MC«ft  Ct*t«ClS 

111  MS 

41*40 

OyS 

HJ7  CCNI8U14 

OU  QIC 

Hi 

*174  Ml 
tilth  ft  AO 

A  7  7) 

7  10- 

1- 

lOtJ  ).4 

10 M.5 

*4.) 

1/  .485 

1.4/4 

C.  08  7 

0 . 5  ?  3 

-0.74ft 

0.794 

lift). 4 

5.145 

I.CCO 

795.0 

7  lo- 

1- 

Wo*. 4 

9  I).* 

7*  .  1 

a  .m 

).  441 

O.ft/0 

0,170 

-0.74ft 

0.744 

1041.4 

*.ft»5 

1.000 

7(5.0 

7  JO- 

1- 

•///.A 

•  v*.  S 

1  ft. 6 

l?.  153 

5.  •/• 

C.  1  70 

0.470 

-0.74ft 

0.744 

1044.  1 

ft.  144 

1.000 

715.0 

1  JO- 

1- 

859.0 

1.4 

li.ftll 

1*  )  7ft 

-C.080 

0.470 

-0.74ft 

0.744 

1058. • 

5.175 

».  coo 

385*0 

7  JO- 

1- 

7)7.4 

-15.4 

1?  .  ftOl 

0.  ftIO 

-1.701 

0.470 

-O.Tbft 

0.7*4 

11*4-0 

(.HI 

1.000 

385.0 

MO- 

1* 

Dill*  1 

lOvi. 7 

>1.8 

l). 114 

3.C45 

•1.04? 

0.570 

•0.14ft 

0.744 

1747. 0 

1.58ft 

1.000 

385.0 

MO- 

1- 

MW  J.  * 

no;. * 

3  C.ft 

1),  )5% 

3. 5)1 

*0.415 

0.479 

-0.144 

0.794 

mi.  i 

8. *30 

1.600 

385.0 

MO* 

1* 

1MU.I 

1300.0 

30.7 

l). J74 

3.541 

-0.4)4 

0.170 

-0.744 

0.744 

i)3i.  s 

8.81) 

1.000 

385.0 

Ml- 

I- 

toll).  4 

1 ns*. a 

IftO.I 

M  .  41  1 

*0 ,  ft-ftft 

4.4Aft 

1  .  >14 

4  .ft'' * 

-/.VIA 

Ml).  ? 

(3.*?? 

A.  t'.ft 

Ift'..  A 

4 . 1 

|  Oft,  ft 

14,4*4 

.n  ,  *  »  ft 

ft.  49* 

1 .  ••* 

l.sft? 

-  ?  .  US 

1  >4).  1 

1  ?.  1  >4 

ft.  Sftft 

tsft.ft 

41  5.  7 

|«1,4 

1  «■  .  fc«ft 

.«  ,  Oft** 

ft.  ASA 

1  .  Iftft 

*  ,  S''  7 

-?. ?lft 

1??  7.  S 

11.7-1 

A,  I'M 

|  Aft.  A 

**>1.7 

|  »  ).  * 

Ift  .|M 

•  ft,  4S,) 

ft.  ftvft 

1  .  ?ftft 

4. Aft? 

-?, ?l A 

l?l  4,  » 

11  .  “4  7 

ft.  Ml 

I  A  ft  «  ft 

AM.* 

-??°.  > 

1ft . ?  «* 

-7 . ftftft 

?,ftM 

1  .?•* 

ft.A«*  7 

-?  .  ?l A 

l  ?fts,  n 

1  A4ft 

ft.  in*' 

1  ft4.0 

I  FV  74.  I 

07ft,  | 

/''•.ft 

Ift.ftft’ 

-1.941 

ft  .  ft  *  7 

|  ,  74* 

4, A  9? 

»  ?  ,  ?  I  A 

|ft*ft.  4 

If.  114 

0.  1ft) 

1  4ft. 0 

7  1 1  - 

I- 

1  7>M.  J 

|MM 

-ft)  .1 

1ft. ►?♦ 

-?. ?ftft 

ft.  7  |  ) 

1  .?»ft 

ft.sft  ■» 

-?.?I0 

1  ft''  7.  ft 

14.  •  ».* 

ft.  IV) 

|  *  .4  ,  ft 

Ml* 

I- 

IIIlM 

mii.j 

•  ft. ft 

17. 1*7 

-  1  .  ?  ?  ft 

4.4)4 

1  .?•* 

4  .O'*? 

-/. ?I0 

1  ftftf.  ft 

IS. Aftft 

0.  4Aft 

1  Ift.  A 

7  II- 

1- 

l  M)».  1 

IM').? 

71. ? 

!{,.«?• 

-1 . s4| 

*.  1  1ft 

1.714 

1.*0) 

-  ?.  7  |  A 

1  44  7.  A 

I4.ft>? 

ft.  4 ftft 

1  4  ft  .  0 

Ml- 

>- 

IV*.  I.  1 

i  .  i 

7?ft.4 

tft  .  *ftft 

/.•SO 

-0. »?1 

0.  S  'A 

- A.ISft 

A,  ?1A 

l  4ft  7.  1 

1  1  .  '“1 

|  ,  A  ft^» 

?  4  ft  ,  O 

7  '  1  * 

7- 

MW*.? 

M>3.5 

?  7  ».ft 

Ift .a  tft 

7.  7  S  7 

-0. Sift 

a .  i n 

-A  .  7ft* 

0.  >19 

Ml».  1 

1  A.*M 

1  .  ftftft 

/Ift.  A 

Ml- 

7- 

1  7  #1 7. * 

I  MO, ft 

1  ft  7  ,  7 

I  ft  ,  ftft  7 

ft  ,  o-»o 

-i, *•* 

o .  ft » o 

-A. 74* 

0.  ?14 

1  4|  1  .  ft 

in.  M  h 

1  .  lift 

?  1  *>  .  A 

Ml- 

?• 

MM3.  4 

1345.4 

|IM 

1*  .  HA 

7.5'»ft 

-n. i >ft 

4 ,  s?n 

-O.  MS 

a.  /99 

1  47ft.* 

1  0.7.1  A 

1  .  I’M 

7  14. ft 

M  |- 

?• 

1  7*  H  .  * 

IlM.f, 

ftft.5 

1ft .ft?* 

?.ft'» 

- 1 .  ?i4 

A  .  ft  -  ft 

-  ft  »  7  ft  ft 

A.  ?  ••> 

|  A  *  *.  A 

9  *1  T 

1  .Aftft 

/ftft.O 

7  U- 

?• 

i 

| >7  1  .ft 

1  ft. ft 

Ift .  1ft? 

>.ft?l 

-  1 « ?  4? 

A. ft  70 

-0.  ?4ft 

A.?  Ift 

l*s  1.  ft 

ft.  is* 

1  .Aftft 

/ftft.ft 

7  M* 

?• 

1  7> )  ) .  ? 

IIOQ.7 

?*».! 

14. Al* 

Mil 

-1.?  ift 

A  ,  ft  1 0 

-A. 74ft 

0.  ?ift 

tftftl.ft 

4.  A  77 

1.01ft 

7  '  1  - 

4. 

7l)iM 

Vft.ft 

ft?ft.l 

|ft .  «*A 

?.4ftft 

-n, iti 

ft.4?ft 

-  A  .  7  4  * 

0.  ?S4 

I4ft4.  ft 

1  s.sftfc 

ft.ftftft 

?>ft,ft 

7)1- 

JIM  ).  •» 

71?.? 

ft*?. ft 

IS , siA 

?  ,  7  S  T 

-0.S  u 

A.ftJO 

-0.14ft 

A.?»4 

1  ft?  9*4 

14.  «.?4 

O.ftftft 

3  ?  ft .  A 

7  )1- 

v 

31531.4 

•  ftft.  7 

ftftf..? 

IS .**▼ 

ft. AM 

-a.**a 

0.57ft 

-A.M* 

A .  ?ftft 

IASS.  ) 

1  4 ,  ft|  7 

ft.ftftft 

7  7  ft ,  ft 

7  'l- 

i. 

3I>)*.0 

ft’7.7 

♦  ?ft.  7 

1*.  ftftP 

7.5«n 

.0.41* 

0 . 4? 0 

-0.74ft 

0.714 

|  4ft  7.4 

|4.M) 

o.ftftft 

7  7  ft.  0 

Ml- 

i- 

iii/i.'j 

l?A7.4 

1A.8 

|*  .474 

*♦  ?1? 

-1.  »A4 

0.4/0 

-0.T44 

A./14 

1?7A.) 

1).  707 

ft.ftftft 

?>ft.ft 

Ml- 

i- 

IIM.1 

10.5 

1ft. 410 

4  «  4?0 

-1.843 

0.4/0 

•0.74ft 

0.?94 

1744. ft 

1*. 74? 

A.ftV) 

??ft.O 

7  U* 

j- 

?or>%.o 

1171.0 

?ft.ft 

14.40? 

1.4117 

-1. 74ft 

0  .4  ?  0 

-0.74ft 

A. >44 

1440.7 

1  ?  .  ftftft 

1  .  AftA 

7  70. ft 

Ml- 

i- 

• 

1L3I2.7 

1 3  A  f .  7 

41.  ft 

Ift  .7*4 

%.4?4 

-1.744 

0.4?« 

-0.74ft 

o.?ft» 

t  7  4*.  ? 

14.  ft  10 

ft.  ftftft 

77ft. 0 
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LIST  OF  COMPUTFR  RUNS  FOR  THE  CTR-F 
CONFIGURATION.  V  =  160  KTS 


•  lirii  M^bS  r  CNT  ii*|  4  174*0  AA  r*'|tA‘>|4  6J/4  'til 


*.  A*,f  il 

■  1 

‘  i 

f  » 

4."  < 

31  1 

41b 

Oil 

oil 

fl|i 

113 

Flr  * 

J40 

HOI 

f  S  1  -  A  1  -  i 

i  >6  n.  * 

-  )A1-I.  1 

710?,? 

H.1.4 

-1  A.b»b 

7.  I  >1 

-  1  .  4  »0 

/.C'O 

•  l .  bio 

7I»9.1 

1 70.1 0? 

0,  '01 

1  >3.  9 

m-A>*  i 

IM»7.  » 

/II  F.4 

-49),; 

1  4 . 1 7  b 

1 1 .1*1 

-7.114 

-o.  191 

•0,111 

-  1  .  M  \ 

7  1  1).  4 

11.. "4  4 

1  .  O0b 

7  11,0 

Ml-O-  J 

l Jl ! S,  > 

|4b*.2 

-on.  t 

19. '?8 

11.9'? 

-7.1*1 

-o.l'l 

-0,111 

-1.141 

*-■“»*.  9 

17.478 

1.000 

799.0 

Ml-A>-  8 

411b.  » 

1 bbb, b 

♦  M  ).A 

14.191 

) 1 .410 

-7.4M 

-n.bM 

•0.111 

-i.m 

'  '  *  9  .  1 

1  .  0  4  > 

1 .030 

744.  A 

M  l-4>-  A 

13)1).  1 

1 9A  1 .  b 

•  6r?.0 

|4.<l't 

t  1 .  no 

-7,  Ml 

-o.ibi 

-0, III 

-i.m 

)09  ?.  ) 

1 7.  I'l 

1.000 

214.3 

fm-ai*  » 

llbM.  | 

ins  * 

*  nt*.  4 

19,  148 

11.41* 

-7.7*1 

-A.'91 

-O.ni 

•1.IM 

7  ?  '  0 . 0 

1 4.  704 

1 .0-0 

>)4. 3 

nt-82-  % 

HIM.  1 

l?**.  i 

•  7b*.1 

|4, 707 

l 1 .141 

-  *  ,  7  70 

-0.  1b| 

•o. II 1 

-i.m 

7)4?.  ) 

11.774 

1 .3)0 

M4.0 

F  4 1  *  A  8«  | 

IUIM.  5 

*014. 1 

-  Mb,  A 

1». o'O 

1 *. 14* 

-1.41b 

-0.418 

-0.F7F 

-8.64) 

>  199,  0 

17.  71  T 

1.900 

*45.0 

f  A  1  -  A  A-  7 

lOlit.b 

14*.  ..  I 

-4)  F.4 

11. 1*0 

1 7. 39? 

•1.047 

-O.bl 4 

.0, 7 • F 

-3.M) 

Fin.  i 

12.341 

l .  oon 

745,0 

MI-ai-  > 

»m.r 

lb*-*.  1 

•*M.  1 

11.49? 

J  ■»  ,  Ibn 

-3. 1'* 

•0.«1 1 

-3. 7  7  T 

-n.M  i 

?0) 7,4 

11.341 

imo 

no,  n 

>M*M*  A 

41 1 1 .  b 

l*M.  F 

.(.Ol.  | 

11.  MO 

1  |  , bnb 

-1,14? 

-a  ,bj» 

-•*,  F  7  7 

•0.41) 

>041,0 

ll.b'7 

1 , 9*10 

*A4,n 

Ml-Al-  % 

UbVI.  b 

11 1b. 4 

-  Mb.  ) 

11. "1* 

1 1.091 

-1,010 

-O.bl  4 

-0. 7  7  F 

•0.64) 

774'. 4 

II.1M 

1  .  "9^ 

*14.0 

FM-48-  » 

4  1  b  F  ».  1 

! |4b, b 

-  ?io,  4 

14.019 

1  ?.  114 

-1,114 

•O.btb 

•0.777 

n.84  1 

>7*1.0 

n.  iib 

1 .000 

*19.3 

Ml-AJ.  F 

HIM.  6 

*78 4.0 

-ui;i 

14.011 

17.231 

-1,141 

-0.81  A 

-0. 7 F  F 

-0.61) 

7  7  76, 1 

1),  144 

l.oon 

M5.0 

| 

IdbM,  4 

-M/. F 

IIIM 

n.  i4b 

-19.71b 

1  ,  *4  1 

n.lsi 

0 .0  >4 

949. 0 

7.41) 

0.  730 

»3,  0 

M!*»*  * 

9. >4.  b 

-bbb. ? 

IMF,* 

4.  Abb 

-10. 741 

4,'?b 

O  .  4*>1 

-0.401 

8,0'4 

644.4 

>.  *4? 

9.  >03 

10.0 

Ml*«*  » 

811)./ 

> \o»  ,  4 

«H  7,  7 

9.  A|  1 

-1 0, 'in 

1.474 

0.1*>1 

•0.4  >1 

0  ,  n  *  4 

914.9 

7.114 

0.700 

80.  0 

F4|-Ab-  % 

i*>r. 4 

-643,  1 

1 4*4,0 

9.  AM 

-10.110 

1.174 

0.181 

-3.4 ) | 

0.074 

“M.  7 

7.  Ml 

0,  3ft0 

39.0 

Fll-AA-  5 

mm  b.  i 

•?74.9 

1 114,4 

II. 4b 4 

-8.M0 

1.174 

0 . 4  a  1 

•0.491 

0 . 0  >  4 

13)7.  8 

9.1)6 

0.  74b 

814.3 

>8t-Ab-  6 

1  F 1 1  > .  4 

•  44.6 

nib.  7 

11.14  1 

-1,110 

1-4*1 

O.lM 

-0.44 | 

0.0*4 

11)4.1 

17.14  7 

0.  71b 

814.0 

Ml-Ab-  | 

IIMt.O 

1  Ul.l 

•  m.  i 

in.  mi 

10.  io 

-1.407 

0.141 

•0.401 

0 . 0  ?  4 

710  7.4 

17.»M 

1  .030 

1)9.0 

F5I-A6-  7 

10H1.9 

1  *9  4,  4 

•M  4.  4 

lb.  4*1 

10.177 

-1.074 

0.141 

-0,491 

8,0*4 

7A9  b , 9 

1  1 .  ni 

1.0*10 

8in.9 

M|-U.  ) 

V7 . ».  F 

18»l  .4 

*M).  7 

|0.  Al  b 

1 l .010 

-1,174 

0.  *41 

•0,49| 

8.074 

7011.9 

11.714 

1.00) 

890.0 

hl-iA*  b 

I  01 II.  F 

|4b4.4 

-44b,? 

19.44b 

10.110 

-1.174 

0.141 

-0 ,4*1 

0.  b>4 

7044.1 

M.74| 

1 .  ooo 

1 13.  0 

?9  |.4A.  5 

HIM. 4 

Fit «.  \ 

-7*8.  ! 

10 . 1)4 

l l.n*/ 

-  1.410 

0.141 

-3,441 

O.0?4 

??".  0 

17.418 

1  .031 

899,0 

MI-44-  4 

1  *.666.5 

ini'. » 

•  To* 

M.  1?4 

1 1  .9*7 

•8.410 

4.461 

-0.441 

8.07* 

7  7 ' 4 . 0 

1 ?. 4*4 

1 . 06) 

199,0 

Ml-AA-  ? 

/Ibb.i 

-444. 1 

M.  I'b 

| O, ?40 

-8.492 

0.441 

-0.40 | 

0.074 

719).  6 

17.714 

1 . 1-3.) 

1  VJ.O 

mi-as-  4 

13WV.1 

l»H,4 

-bl  • 

|4.  «->(» 

10.177 

-I.-1F4 

0.461 

-0.401 

A.o  *4 

no).  1 

11.491 

t  .06) 

89  ).  0 

F4I-A6-  4 

4/  k  »  .  ? 

1  All  .  4 

-4*  *.  7 

14.41b 

1 1.010 

-1.174 

0.14  1 

•0,491 

0.8*4 

73  \  4 . 9 

11.714 

1 .01) 

)'1.1 

Ml-Ab-I) 

101 II. T 

l  A  I  9  ,  ) 

-44). ? 

1 9 , Abb 

lo.nn 

— ) . 1 7% 

o.ia: 

-0.411 

O  .  A>4 

7 '4  9 . 1 

11.741 

1 . 900 

103.  9 

MI-44-U 

llbM. 4 

//I'M 

-  Tbb,  1 

*'.  114 

1 l.o?? 

-1.610 

0.141 

-0.49 | 

0.0*4 

77)4.0 

17, 444 

1.900 

830,0 

MI-4T-  \ 

10*1 1. 1 

MM.t 

- Fbi , i 

11.  IF) 

1  1 . 1 1  n 

-7.144 

-1.119 

3.460 

•I.M* 

7Mb.  1 

1).  1»l 

1.0)9 

714.3 

Ml- AN  * 

131  lb. 1 

Mb).  4 

-  61  1.1 

11.1*7 

1 1,11? 

-7.»U 

-1.  119 

0,460 

•  l  .  >»8 

/m.  r 

17.1*4 

1.00) 

*11.3 

mi«in  i 

4)11.0 

I04T.  > 

•44*. 0 

18.144 

11.440 

-7. bb| 

*1.119 

0.190 

•1.778 

7197.7 

17.  '63 

1 .090 

*91.0 

MI-AF-  b 

*lbt. T 

I*>16.  1 

•  (I'fc.  b 

14.  '?  » 

11 . 'AO 

-7. »ll 

-1.110 

0.  490 

•1.7)0 

73b*  .  4 

17.601 

1 .099 

749.3 

mi-a».  % 

t|6»«. t 

*141.  ) 

•  F»  7. ? 

14 . nib 

1 1 .170 

-?.»08 

-1.119 

0.«  9b 

-1.778 

774  0.  4 

14.04) 

1  ,M0 

*81.3 

m*Af.  % 

1141  1.1 

/Mb,  | 

*  »4?.f 

»b,.l4b 

t  f  .  Mb 

-7.7*9 

•1.119 

0.490 

•1.776 

)>9  f.  4 

14.074 

1.909 

141.3 

MI-48-  | 

108)7.0 

*IM.  b 

- 7n* . 1 

I*.*** 

11.414 

-2.1*9 

-7.M7 

1.291 

-l  .  M  0 

7714.) 

n.  A  *1 

I  .390 

*44,3 
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Si  7.2 

).  )?9 

7IC.3 

-  *  2  »  .  6 

0.  1 

IK  »S0 

O.o 

0.0 

1.0)1 

0.0 

0.0 

S46.S 

J.060 

14.0 

f  iO-  *«>- 

»  !•>»«..  t 

-4.1 

7.6 

16.7?4 

-0.0)1 

0.01? 

1  .ooo 

0.0 

O.ft 

1044.9 

9. 012 

0.413 

u.i 

10.0 

14 . 716 

0.046 

0.0  71 

1.100 

0.0 

0.0 

109  1.  1 

A. Oil 

0.410 

ISO.O 

U0-4I- 

<411.0 

44. • 

1C. 9 

16. roo 

0.  280 

0.147 

I.Oftft 

3  0 

0.0 

97V.  4 

4.  910 

740-6  7- 

•  04 . 0 

44. J 

»«•> 

16.410 

0.167 

0.100 

1.000 

0.0 

0.0 

9)4.* 

9.  71# 

3.  400 

191.0 

?4.1 

4.1 

16  167 

0.830 

0.210 

1.000 

0.0 

0.0 

•  94,  4 

9.487 

7 60-a 7- 

•  i6*.  1 

1.1 

-0.4 

U.700 

O.Q 

0.0 

1.OO0 

0.0 

0.0 

•  17.0 

A. IIS 

1  1**0.  8 

-1.1 

4.1 

17,707 

-0.317 

0.049 

1.000 

0.0 

0.0 

1100.9 

5.192 

0/90(8 

1  >5*0 

fao-ai- 

1  l>l 6, 9 

11.0 

10.1 

17.141 

0.041 

0.07S 

1.000 

o.o 

o.o 

1091.  7 

9.m 

0.900 

i«o.o 

I- 

’.  /  *  t  »  .  A 

M.4 

1  6.4 

1  .  S'  L‘ 

•*.  2D 

r .  i*7 

-8.0)1 

0.0 

ft.o 

171  1.  1 

1.  779 

1  .  IT) 

1  •’  J  .  0  -  1 

S.  /  4  0 

r  .  1  4  7 

o.sio 

-8  .  iftO 

0.0 

0.0 

1147.* 

1.0*7 

f  4 

ft .  \  ,1 

ft.  Mft 

O.A 

0  .-1 

1  1  ?  7.  * 

*  .  9  J  8 

1  3 

f  *  1 

0.  1 

A.  •' 

<1  .-1 

-*  .ftCO 

0.0 

0.9 

IO*#.  j 

4.111 

'  '  r  ' 

10. 1 

1  .' 

V.  '  2* 

0.06  2 

-1.030 

0.0 

0,3 

no  i.9 

4.  618 

1  .  jZv 

1 4  4 . 0 

TAT- to- 

l  *  1  )  2  .  A 

7*.  1 

1  4.6 

1  >  .on 

ft.  »*ft 

0.147 

A  .44(1 

ft. ft 

ft. ft 

lt>)  17.0 

>9.7 

106,9 

12.  4*19 

O.  !«■? 

o,  no 

0.143 

ft. ft 

0.0 

144  7.9 

1  *  <  J  ••  A 

n  7.4 

l  7.1 

12.24  7 

0.100 

0.  -MO 

0.040 

ft. ft 

0.0 

1421,1 

Hu*.' 

•2.4 

-0.2 

1  ?  .  1  4  •* 

0.0 

0." 

3. "40 

0.0 

(7.9 

1172.9 

»4  Jl  7.9 

74. 9 

A. 4 

11.114 

0.  1*2 

c.iir 

0 . 1*.ft 

ft. ft 

O.ft 

1247.1 

5.1ft) 

ft.  68ft 

7.9 

9.  *19 

O.''*! 

r.09 ) 

0.16ft 

o.n 

ft. ft 

721.4 

i.ui 

0.48ft 

1  )4 , 9 

0.6 

11  .  «  1  9 

ft .  ft  l  * 

-0.026 

fl.OA) 

ft  .ft 

O.ft 

1  20  7.  r 

5.  12? 

0.  MO 

3.0 

?  *  O  *  *  *  • 

•  »■»#  *7.4 

-  1  M  .  6 

-•4.1 

-4  .  *  "■  0 

«.  240 

0.1*7 

e .« 

4.  A 

0.0 

79ft  9 . * 

-9.48? 

•  >r>67  t  7 

-  1  10.  * 

*  267.4 

-4  .  MO 

|47 

0. 100 

0.  *ft ft 

0  .ft 

0.0 

-  ■*.  « 

-114." 

■4 i *'  ) 

n, 

0. 71.1 

0 . 4ftft 

0." 

O.ft 

7  »?  K  4 

-  o . *7A 

- )DoJ6 . A 

?.  * 

7.1 

-1 .  r-i.1 

0.  *6 

f  .  i 

0  TO 

(  .0 

0.0 

71/  ».  ) 

-  9. 6»9 

-91  fr.  9 

-1246. 1 

-7  Ali** 

2.  )00 

0.601 

«  .ft 

O.o 

A  7rt  5.1 

-  8.  Ml 

l .  no o 

10.  ft 

7  *ft~  A  A- 

'illM.t 

-  4  J.  A 

-14.  J 

\  .  46ft 

A  .  7  40 

A.  1  67 

0 . 4nO 

c.ft 

o.ft 

-191.4 

*  i w  /• .  * 

-  64.  7 

-**.  A 

1.210 

n.|ki 

0.400 

4,490 

ft. ft 

0.0 

-446. 2 

-  1.  6A7 

0.171 

-W-.4 

-  1  4.» 

1.167 

<*  .  4*8" 

0.210 

A  .  49ft 

O.ft 

0.0 

-46* . 7 

•  ».  7  74 

0.  174 

T .  ’ 

4  .  MO 

n  .  4 

C  .1 

9 . 6-' A 

o.ft 

O.ft 

-61  K  • 

-  4 . rr) 

0.  8  74 

-2.* 

1  .  '*‘*0 

'•-.1*1 

0.201 

9.613 

o.ft 

A. ft 

-A).  8 

1 

19.6 

4.2 

l/'O 

0  -6A? 

0.  1  16 

0 . 49ft 

o.n 

0.0 

474.1 

m  .1.2 

to*,  i 

9.6 

10.411 

0.  671 

0.4  17 

0.49ft 

0.0 

ft.o 

7  7  2.4 

1.9/1 

6»->2.  2 

1  1  1  .  A 

12.  1 

to.  s;2 

0.  Ill 

0.4  77 

0,4  )0 

0.0 

O.o 

7*4.  1 

)  .  7)  1 

*  i.  1 

4.4 

10.141 

0.6*1 

.0.  797 

0.4 '0 

0.0 

A. ft 

70*. 7 

1  •-! 

10.41* 

1.112 

A  .  49  J 

ft  .  A'»0 

O.ft 

744 . 1 

)  .  617 

»4*j6.  r 

420.4 

1? , 

7.117 

1.009 

0.600 

ft.O 

0.0 

l 14  l.  7 

4.106 

1^1  1.6 

4?.# 

1  6.  8 

12.V-0 

0.280 

0.147 

0.400 

0.0 

0.0 

1294.4 

1.771 

76  0-  A  A-  | 

1  )m.  o 

64 . 6 

17.2 

K  .  210 

0.  167 

0.100 

ft.6ft0 

O.o 

0.0 

1???.  \ 

8.8-1 

1 >031 . ♦ 

1 1  l  .0 

14,  7 

l?.l»-» 

0.100 

0.210 

0.903 

0.0 

0.0 

12633.  1 

*7.1 

<3.1 

12 .000 

0,0 

0.0 

0,  400 

0.0 

0.0 

Itl'.l 

1.111 

ii«n.s 

11.1 

4.7 

11. 71? 

0.060 

0.071 

0.900 

0.0 

o.o 

lOS7.t 

1.0ft) 

o.ltl 

210.0 

168 


TABLE  XXV. 


LIST  OF  COMPUTER  RUNS  FOR  THE  CTR-G 
CONFIGURATION.  V  =  120  KTS 


PI  1CH  HO**  CCMtCIS 


n  tp  coNtion 


C*4( 

7  1 

r  i 

P  V 

•  PS 

•  14 

•  14 

04  4 

oil 

Olt 

M* 

•  17* 

•  *0 

6I-* 

II  7*4.* 

nr  7.9 

‘1  *.l 

4.17* 

9.61* 

0.4*7 

-3.910 

2.740 

0.120 

1797.4 

*,*4| 

1.001 

154.0 

10666-2 

126*.  ) 

16.4 

*."74 

1.9)9 

1.1*0 

-3.510 

2.  760 

0.120 

mi.* 

*.387 

1.000 

155.0 

UV*i- 

1004*.  7 

1747.4 

-40.  7 

1.  7*9 

9 .066 

0.9  50 

-3.5;o 

2.760 

0.120 

1168. 7 

*.011 

1.000 

734.  0 

74  5' •  7- 

1016  1.6 

t  1*6.7 

-4*. 7 

*.676 

4 . 966 

0.6*0 

-3,510 

2.760 

0.120 

1156.7 

*.147 

1  .000 

244.0 

7fc4-*2- 

1143*.? 

IIM.) 

40. P 

6.  614 

7.4*0 

0.942 

-3.J10 

7.760 

0.120 

11  11.* 

9.  694 

l  .000 

241. 0 

76  4-«?« 

t  1457.6 

1146.  * 

54.6 

0.641 

7.419 

0 .9  '9 

-3.510 

7,  760 

0.120 

11  74.* 

*.  669 

1  .POO 

244.1 

l  |»*7.6 

I  *90.  4 

70.0 

0.672 

2.496 

0,9  20 

-9.410 

2.  ?60 

0.170 

1189.  9 

*.479 

1.001 

244.  0 

J- 

116(9.) 

I  '6  1.  T 

•59.* 

4.01| 

4.497 

1.724 

-2.495 

1.161 

•0.*00 

1254.9 

*.588 

1.000 

270.0 

?64- •)• 

1066  1, 6 

1749.0 

4.  1 

4.441 

6  «  4  1 6 

2.947 

-7.654 

1.0M 

-o.*oo 

1176.0 

*.011 

1.000 

270.0 

764* 4}* 

1001 6,6 

121 T.« 

-46.5 

4.690 

6.647 

1.447 

-2.6)5 

1.061 

-o.*oo 

1151  .* 

0.  ?06 

1 .000 

270.0 

70  W9- 

10161.  ) 

II 71-1 

-44.4 

9.  'll 

6.147 

1.417 

-7.615 

1.461 

-  0.900 

(140.9 

0.  762 

1*10 

270.  0 

7*4-49- 

11606. 4 

1176.1 

40.0 

4.  54J 

5.254 

1  .401 

-7.6)5 

1.0*  1 

-0.900 

1156.7 

*.2  72 

1 .000 

2?0.  1 

?64-45- 

11476.  9 

1  144.  • 

56.1 

9.  (4* 

5.  4  |6 

1.469 

-2.M5 

1.461 

-0.930 

1161.5 

*.24* 

1.000 

270.  0 

r»w)< 

1141 7.4 

17«7.* 

7*. 7 

9.61  0 

4.621 

1  .440 

-2.6)5 

I  .44  1 

-0.900 

1160.4 

*.  12  0 

1.000 

770.0 

764-64- 

1  7  1  4  a  .  7 

15*4.7 

-  7-9 

10.472 

r.*97 

2.469 

-1.77* 

-  1 .14* 

-7.671 

1749.2 

*.4*5 

1.000 

204.0 

»*5-4*- 

11104.  1 

17*4.6 

54.0 

10.427 

7  .  40® 

7 .907 

-1.720 

-1 .  16* 

-2.6M 

11*2.1 

0.96* 

1.000 

744.0 

lu5l 2. * 

17*1.4 

-77.6 

10.244 

7.742 

7.657 

-1.724 

-1.14* 

-7-671 

1171.7 

0.641 

1 . 000 

2*4.0 

744-44. 

vl  7  7.8 

1721.7 

•  107.  1 

14.671 

1.602 

6.9  15 

1.706 

9,692 

-2.210 

l?l*. 4 

11.073 

0.  )00 

164.0 

744-44- 

*1 )*.« 

•44.  1 

-47. 4 

14.  1M 

1 .119 

5.74* 

1.246 

3.692 

-7.210 

1144.0 

11.540 

0.  )C0 

14*. 0 

764-44* 

746*.4 

664.  7 

-74,* 

15.060 

1 .64/ 

6.998 

1.206 

3.692 

-2.710 

1109.  1 

11.(7* 

0.  ) 09 

144.1 

764-4«- 

71,6.9 

644.6 

-94.9 

14.  97  1 

1.14? 

6.769 

1 .746 

3.692 

-7.210 

IIP  2.  1 

11.7*9 

0.  ICO 

149.0 

764-64- 

*i>  i. e 

94*.  4 

4  7.6 

16.  770 

-0.060 

5.462 

I  .706 

9.642 

-2.  ?t0 

1164.0 

17.467 

0.  101 

165.0 

764-44- 

•  1476. 7 

1  17  T.  9 

60.  1 

14. 104 

-1.106 

4.699 

1.746 

3.6*2 

-7.2)0 

124). 9 

13.1  70 

0.  500 

169.0 

764-44- 

11*44. 7 

1  120.  7 

-17. * 

15.  6  4  2 

0.1M 

5.569 

1.706 

9.697 

-  2. 710 

1)21.7 

13.014 

0.  100 

165.0 

764-44- 

1140.1 

17*1.* 

2  7.  2 

1  4. 41 9 

-0.440 

4.996 

1 . 706 

5  .69  7 

-7.710 

127®. 7 

13.048 

0.  500 

189.0 

764-46- 

96  i  *  •  * 

» no. 4 

-00.4 

19. 169 

2.477 

1.614 

0.571 

1.000 

-0.070 

1165.0 

6.  7*1 

0.  100 

165.0 

7  6  S • 44- 

•  5*4.4 

I'M  0.  0 

-14.* 

12.9)9 

7.  nt 

I  .967 

0.173 

1.000 

-0.070 

1094. 7 

6. *17 

o.  )ii 

164.0 

764-  46- 

7  7  1  a  .  * 

9)6.4 

-75.7 

i: . *16 

7.722 

I  .497 

0.37  9 

1.004 

-n.o»o 

1461.5 

6.  0?4 

0.110 

140.0 

?64*  »6- 

•012.6 

*7  1.4 

•40.4 

12.604 

2.272 

1.447 

0.173 

1.000 

-0*070 

1059.6 

6.199 

C.  501 

141.0 

7  (  4  -  4*- 

11745.4 

1041.6 

•  *.7 

12.600 

-C.402 

1.740 

0.173 

1.000 

-P.070 

1  141.0 

8. PI) 

0.  510 

164.0 

764-46- 

1151 4. * 

1701.  « 

12.4 

19.C46 

0.797 

I.77J 

0.5M 

1.040 

-0.070 

1201.0 

7.  4*6 

0.  510 

164.0 

766-66- 

1  15  70.  7 

1700.7 

70.  0 

14 .*16 

O.  794 

t  -  *  4  J 

p.  573 

1.011 

-0.070 

1/04.  1 

7.4)1 

C.  )00 

164.0 

Uii,.  1 

1*4*. C 

10.  1 

4. 4*1 

?.€*••» 

1.044 

-2. 217 

-7.1  1  1 

-  1.549 

1204.4 

10.472 

I.CO'J 

2*4.0 

/tV-4  »- 

U>/«.  4 

1 5>4. 7 

64.  ' 

*.  U  5 

4.476 

5.M1 

-2.212 

•  2.U2 

-1.56* 

1  2  i  ).  ) 

9.  754 

1 . 003 

2(5.  0 

»- 

1  ft  1.  7 

17*  l  .  1 

-12.6 

4.710 

9.  105 

5.1)0 

-2.212 

-2.1  12 

•  1. 469 

121 1 .  e 

9.6  5* 

1.1C3 

2I5.C 

?«*.-•>- 

Utl  7.4 

1 2  n  •  * 

*2  7.0 

*.'•6  1 

*.er9 

2*  1*0 

-2.212 

-2.112 

-  1. 469 

1 1*4 .  1 

9.  170 

l  .eco 

205. C 

7/  *-  A  7- 

1  |)V(.4 

in*.  1 

27.6 

9.9*4 

0.  146 

7.34* 

-2.212 

-7.112 

- J. 46* 

1180.1 

4.  769 

1 . 030 

2  !5»  0 

7  06-6  7- 

1  l  *  >  *  .  «» 

1166.6 

20.4 

0.4’2 

«.  196 

5.  1  J* 

-2.2)2 

-2.1 12 

- ».4w9 

llli.0 

4.  772 

l .  PCO 

2  S5.G 

764-41- 

144*0. « 

1464.6 

141.6 

17.791 

9.  «76 

9.79* 

P.  !•# 

-1.416 

-7. 770 

1111.5 

10.))* 

1.000 

284.0 

764-4*- 

1  (0(0.0 

1)94. 0 

1*7,7 

12.601 

5.  ?69 

9.677 

0.  >90 

-1.616 

-2.770 

1764.* 

*.  76* 

1.000 

215.0 

764-64. 

1  174*.  7 

n?«.* 

1*4.7 

12.49? 

6.074 

1.17? 

0.  1*0 

-1.6)6 

-2.M0 

1757.  1 

4. *72 

1.000 

284.0 

704-4*- 

1  J>64 . 4 

t  J^.7 

•  6.  1 

12.241 

5.476 

)»I2? 

0.194 

-1  .416 

-7. 770 

1779.4 

4.428 

t.100 

785.0 

764-4  4- 

116*6.4 

11  »4.0 

44.9 

IJ . T60 

4.  *1  7 

1.140 

0.  m 

-1.616 

-7.770 

1  1*4.  • 

8.4)6 

1  .POO 

7*4.0 

7o4-44- 

1  I4»|.  1 

1  1  94.0 

51.7 

11.02* 

4.957 

9.141 

0.  >9# 

-  1 .616 

-2.770 

1151.* 

8.  4*9 

t.000 

2)4.1 

744  -09- 

14117.9 

161*. 9 

164.0 

12.641 

6.440 

7.467 

9,  »!• 

-7.749 

-7.541 

1 1*4. 7 

4.  49* 

1 .000 

911.1 

7t 4-46- 

|  6  |  1  6  .  4 

n*t.  * 

706.9 

I2.6rt| 

6.675 

7.4*6 

1.719 

-2.759 

-7,411 

176  1. 1 

*,•22 

1.003 

510.0 

75**49- 

luM.I 

1166.6 

121.1 

12. '1? 

4.004 

2.646 

0.  719 

-7.74* 

-7.441 

1250. T 

*.  14* 

1.000 

311.0 

lo«-44- 

1  17(9. 6 

17*7. * 

1*4. 9 

17.141 

6,  *06 

2.106 

0  »  7 1 9 

-2.T4* 

-7.441 

1776. 7 

9*21? 

1.CC0 

913.0 

764-49- 

1  1464. 9 

1167,* 

41,1 

11.672 

6.690 

7-427 

0.71* 

-2.7'* 

-2.441 

114  1.7 

«.  P*7 

1  .  ICO 

111-  0 

744-4*- 

114)1.  1 

il*r.2 

>1.* 

11.7*1 

6.072 

7.  9*5 

0.71* 

-7.74* 

-2.541 

115*.* 

8.  10* 

1.0C0 

300.0 

764-49- 

114*7.9 

1149.* 

79.1 

11. Ml 

6. *7* 

2.9*4 

O.T|* 

-?.?*• 

-7. *51 

1157.7 

0.111 

l.ftOI 

910.0 

764-4P- 

1674*. | 

1416.6 

144.7 

|l  ,941 

6.4«| 

2.*** 

-o.oie 

-1.78* 

-7. *5* 

1  300.0 

1C. 06) 

1.001 

119.0 

?6*-4l- 

IUI1.4 

m?.  r 

1  90.  I 

M  .601 

6.46# 

».*l* 

-o.oio 

-1.709 

-7. *4* 

1/97.  1 

*.**7 

1.100 

910.9 

TABLE  XXV  -  Continued 


C*U  -i) 


1  AS- A*-  | 
F  ft  S  •  A  A  •  J 

)«)-)*-  1 
795  -AA-  4 
lft)-A4-  ) 
Tfc )-«  #«  * 
F9)-*A-  t 

795-00-  l 
»9)-*e-  2 
»6M|-  ] 
795-48-  « 
»*?•»!•  ) 
765-98-  ft 
795-Aft  J 

j*4-*a-  i 

765-4*-  ? 
7*5-40-  T 
7a5-46-  T 
2a5-48-  ? 
765-4®-  7 

765- 48-  F 

T64-4C-  1 
F7)-AC-  I 
F6VAC-  I 
7A5-ftC-  ft 
F65-4C-  4 
F&A-aC-  ft 
7A5-4C-  7 

766- AO-  | 
Tt.^-44-  1 

764- 40*  » 

TfcA-ftO-  ft 
7  65-4  0*  4 
F/>)-aO-  ft 
FA6-40-  F 

7A)-Af-  I 
7A)-A/.  | 
7A4-*f.  ) 
76)-4f-  ft 
7A)-A*.  4 

F9)-Aft-  \ 

765- 40-  2 
74  5-4/**  ) 
7*5-47-  ft 
HJ-iF.  4 


OUCM  M^ftA  CCMACl) 
'*  '*  »"1  M<  III 


m/4,  i 

1  ft>t  .0 

1  1  .  A 

1  ).  U1 

A.  ft  Aft 

?.4ft7 

IU3.A 

Mn.l 

13.171 

A  .  ft  0  1 

1)711.1 

1 174. n 

1)4./ 

1  4.  Oft  F 

A.  74ft 

DOW.F 

1/ftF.ft 

1/ft.fl 

12.871 

A .  2 )ft 

/.  1F4 

i  ifti  r.o 

114ft. I 

61.6 

17.47ft 

A  .  474 

1  1)31. * 

mi,« 

48.  F 

12. ft| F 

ft. 44ft 

/.  14) 

1  IftF/.  F 

1 no.  ft 

/  8.  • 

17 .ftk4 

4.971 

2.4  70 

J  iyftft.O 

lft/1.4 

l  64.) 

»>.  M? 

4.474 

1  )970.) 

DM.7 

/OF.) 

17. \rt 

4.891 

z.4  14 

iur/.  i 

1  IM.f 

1/1. 1 

12. 7  ft  4 

ft.  ?M 

1 MdO. ft 

1/40.0 

106.  8 

17* 1 7  2 

4.724 

1  .4  14 

t 1)37.0 

lift).) 

44.4 

1  l  .A-»0 

A.  09| 

1  1441.  2 

liai.4 

4  7.8 

tl  .  7M 

1 143ft.  ft 

l/ni . 8 

ZA.n 

l  1  .  784 

1 143ft. ft 

12*1.8 

/  9.  0 

It .  704 

ft  •  HA 

1 1434.  • 

1/0  1.1 

7  4.0 

11 . 704 

ft.  Hft 

l  143d.  ft 

1/01.9 

/  9.  0 

1  1  .  784 

A.  HA 

1143ft. 4 

It'll. II 

/  4,  0 

1  1  .  »«5 

A  ,  )  ft  A 

114JS.I 

1/01 . 1 

2  4.0 

11 . ?0$ 

A.  HA 

U5/8.  ft 

1/01 . 4 

29.0 

11  .  70) 

6. 1  ft  A 

11434.1 

»?0| . 8 

7  4,0 

11  .  78  4 

A.  ’*9 

1  .910 

1 40 » ft.  ft 

ifti /.  r 

161.4 

l  7  .  1  ftO 

7.  1*4 

4. 0>» 

1  )A). | 

2*4.  ) 

17. *)0 

7.  Oft/ 

1 i>J 1.  1 

l *64. A 

17  0.8 

17.  i*  A 

7.  )44 

liftif.ft 

1/81.9 

1  Aft.  4 

17.  100 

6 . 894 

7.040 

1141.9 

4  1  .  » 

1  l  .  A4  8 

7.  >29 

11  4  1  i  * 

3ft.  A 

II  .  7ft? 

7.448 

l  lft94,  1 

1 194. F 

24.0 

11. 744 

7.410 

2.911 

1 4? ; ft .  f 

1 »40. 4 

1  ft  7.  T 

12.449 

7.0ft/ 

1*222.  1 

1  )*).  1 

27  8.4 

17.109 

ft. 948 

l J4lft.  F 

t  Hft.  1 

1)8.8 

12.724 

7.  24? 

1.719 

1  )«)1.  ft 

1/44.  1 

12  4.8 

17.044 

A  .  147 

11*41.1 

1141.) 

41.4 

11.441 

7.2  40 

1  M*.  1 

44.4 

1  1  .  /.Oft 

7  .  ft  00 

1  143  7.  ft 

1/01  ,  A 

Z*.l 

11.  2/9 

T.47) 

l.ftftft 

1  m*.  7 

1414.4 

80./ 

17.9)4 

4.  828 

4.77a 

12J79.  1 

14)9.9 

127.7 

17. 388 

4.7ft) 

l  U4ft.  1 

111*.  A 

*4.  7 

17.404 

6. CM 

WOoO.7 

1/44.4 

14. ft 

12.1)8 

4.478 

9.1  10 

Hftftft,  t 

1144. A 

11.7 

11.404 

4.46ft 

1.19ft 

i  me./ 

1 199. A 

77./ 

12.4)0 

6. 410 

2.810 

1/930.0 

1  40 1  . 1 

111.) 

1/./80 

A.ftfA 

7.449 

11417.9 

HD.) 

ftft.4 

1/  •  140 

A. 8)0 

2. All 

1 1  7ft ft.  ft 

1/14.4 

4  4.0 

11.0)0 

4.1)0 

IMF/.  7 

1144.  4 

10.1 

11.481 

8.  HI 

2.180 

S>«»n  H»J  cminnu  ,lrt  u, 

,w'  61'  6 1 C  M,  ALFA  t  AO  A/a 


t.*ft0  -  3.  7  30  -?.AVj 

MO  7.  ft 

in. i 44 

r.  a  on 

719.0 

l  .  ft  ft  0  -).7\0  »  2 . 4/>4 

1  2  ft  4  .  I 

4.  »)ft 

e.  ftoo 

1.4*0  -3.730  -7.444 

12)9.  1 

4.  Oft  1 

1.000 

!.*»»  -J.'M 

1211.0 

4.094 

1.000 

*00.  0 

1.698  -1.710  -7.494 

11)8.7 

T.  ft  18 

1.009 

no.  o 

1  .448  -  1.2  )0  -7.444 

11)2.1 

7.  tft| 

1  .«0) 

193.  0 

1.648  -4.210  -7.4*,) 

ID). 4 

7.90) 

1.000 

139.  0 

0.96ft  -2,ftl0  -7.018 

mi.i 

4.618 

1.000 

)30.  0 

O.AAft  -7.418  -2.018 

12)5.4 

4.0/9 

1.000 

0.444  -7.418  -7.418 

174). 4 

8.  T1| 

l.COO 

no .  3 

0.994  -2.418  -2.018 

1771.4 

1.874 

1.000 

193.  0 

0.»*«  -Mil  -J.OIt 

1141.4 

7.  7)4 

l.COO 

0.944  -7.418  -Z.G18 

ID). 2 

7.  78/ 

1.000 

0*694  -2.4)  0  - J  .  0 1 8 

11)7.  ) 

T.tOF 

1. 003 

190.0 

0.994  -2.4|8  -/.Olf 

11)7.1 

7.807 

1.000 

100.  0 

0.644  -7.418  -7.018 

IDT.  | 

7.807 

1.090 

139.  0 

0.994  -2.418  -/.0I8 

11)7.  ) 

7.  807 

1  .  090 

149.  9 

O.A94  -/.41ft  -2.018 

11)7.  ) 

T.ftOT 

0.6/-4  -2.418  -/.on 

11)7.  ) 

7.807 

1.003 

100.0 

0.994  -7.418  -7.018 

IDT.  ) 

7.  807 

1 . 003 

149.  0 

0 .96*  -7.418  -2.018 

11)7.  ) 

7.  807 

1 . 993 

100.0 

O.FF4  -I.IOft  -1.0)7 

1 10). T 

10.79) 

1  .cco 

0.  7  7  ft  -I.IOft  -l.OftF 

176ft. 5 

9.  7) a 

1  .oci 

0.77*  —  )•  |  0  %  -).O07 

17)4.0 

9.  ft  7) 

O.FFft  -).|r»*  -1.48F 

1/10.1 

4 »  )  )  I 

1.  oco 

11)4.7 

8.  lift 

0.774  -I.IOft  -l.OftF 

ID).  1 

0.  40) 

1.000 

O.IF*  -I.IOft  -1.0)2 

11)8.5 

l.ftlft 

1.099 

104,0 

1.017  -9.F))  -2.10* 

124).  ft 

4.  700 

1.017  -1.7)8  -7.104 

12)1.4 

4.  I  76 

1.039 

140,  0 

I.OIJ  -».M»  -/.Id. 

1/44.1 

8.  0*0 

1.040 

1.017  -1.730  -7.10ft 

121 9.2 

0,91  7 

1.017  -1.7)8  -7.104 

1  1  19.4 

7.443 

1  .too 

I.OIF  -).7»  -7.104 

114ft,  • 

7.  F) 7 

1.000 

1.012  -1.7)0  -Z.Dft 

1154.4 

T.  T  7  8 

1.000 

100.0 

0.6)0  -1.1)8  -2.9)7 

1247.  7 

4 .  )  IT 

1.090 

281.0 

0.4)6  -1.148  -7.63f 

1210.  1 

0. 47T 

l  .C*D 

0.4)4  -1,9)9  -7.6)? 

1/01.  t 

8.607 

1.000 

20).  0 

0.»i,  -?.»>/ 

1187. | 

1.  71) 

1.000 

21). 0 

«.»»»  -i.n. 

1157,  7 

8. 4|T 

1.000 

285.0 

o.m  -».>/,  -».m 

1251.4 

1.864 

1.000 

900.0 

0.»«l 

1144.1 

8.  28# 

1,000 

104.0 

#.»,l  -I.ITI  -J.J„ 

1181.7 

1.011 

1.000 

100.0 

O.T.I  -I.JTi  -J,)„ 

1145.8 

8.078 

0*781  -I.ITO  -2.  ))A 

1199.1 

?•  848 

1.000 

100.0 
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CM*  *) 

►  / 

r  * 

t  » 

pi  rr h  mo»*  crAriCiS 

AOS  A|S  8 1 S 

SMvn 

OoS 

*t  *c  rnNfPOi  s 

ms  oic 

M0 

HF*  ■*» 
61F*  *40 

6/« 

Ft>9-  4f,- 

l  iu».o 

1  *08.  A 

F*. 9 

it .  mo 

5.  A** 

7.538 

0.031 

-1.975 

-?.  m 

1796.5 

4,16* 

1.003 

799.  9 

Ft  5  •  AT.- 

Ulln.o 

1 104.5 

1  1  F.  1 

1  l  .  *00 

4,361 

7.307 

0.031 

-1 .476 

-7.  IFF 

1703.  « 

0.A44 

1  .ono 

7  IS.  9 

F  A  A  .  A  £  • 

1  1  A  t  9  ,  | 

1  FA  1  .  | 

A  A.  A 

1  1  .AT  A 

6  ,*M 

7.6*7 

0,031 

-  1  .''F* 

-7.  )  FT 

1  1  8F.  9 

0.  ?4A 

1  .  *509 

7*3.0 

F  6  %  *  A 

IU)L5 

l?l  4.5 

J7.8 

11 . 3)0 

6.39* 

7.  '42 

0  .03  1 

-1.976 

-7.  IF  F 

1  1  Fo.t 

8. 3  FA 

1  .  oco 

709.  0 

n  5- -*rf- 

imi.  s 

IFOr,  7 

79.9 

n.?A9 

6  .  *  1* 

7 .  A  1  3 

0.031 

-  1  .976 

-7. 3»F 

1138.6 

8.718 

1 . 900 

304.0 

FA  V  A*- 

12*6  !  .  8 

t  3*1  .  A 

Ffc.9 

1  3.  779 

4. *13 

7. SOI 

1.931 

-7.78  l 

-7.  *3* 

I?**.? 

8.  *91 

1  .COO 

3)9,  0 

Ft}-AH- 

ium.a 

l  7*  1.  8 

I  t  9.0 

17  .  «F9 

6.4  3? 

7,9  'A 

1  .331 

-7.F8  | 

-  7  .  3  3  A 

1147.1 

7.978 

1.900 

399.0 

F09-4H- 

II J> 1 . A 

1 FFa.O 

4*.  5 

17. *96 

6.103 

7.SAA 

1.5)1 

-7.7*1 

-7. 33* 

1  1  FS.  1 

7.69a 

1.090 

)93.  9 

FAS- aw- 

llfcO  t  .  6 

1710.  1 

1 A .  5 

17.  779 

4. 365 

I  •  3  JA 

1  .531 

-7.781 

-7. 33* 

1194.0 

7.  177 

1  .CCO 

393.0 

Ffc  A  •  4F4- 

m>o.  a 

1  Fin. ft 

79.6 

17. 090 

6.769 

7.315 

1.531 

-7.781 

-7-  3  3* 

1191.0 

7 . 6  F  | 

1.009 

793.  0 

7  A  3  -  A  t  — 

1  S3J8  .  1 

118  J.  F 

74.4 

1  7. SO* 

A.  M) 

7.565 

0.  F)  J 

-7,0*4 

-1.877 

1740.0 

•  .•43 

1.000 

799.9 

F  4  3  *  A  1  - 

114*9.6 

1/45.  5 

115.8 

17.75a 

9.97? 

1.398 

0.731 

-7.018 

-1.877 

1 194.0 

7.474 

1.000 

785,  C 

169-61* 

111)1.0 

l???.9 

*l-T 

17.  1  7 1 

6.755 

7.1*8 

9.733 

-7.018 

-1.977 

117  0.1 

7.65* 

t.oon 

)99.0 

? 6  5- 4  |- 

A  1 4  /  (  .  A 

1704. > 

17.0 

17. 0"* 

5.  733 

1.598 

0.  733 

-7.038 

-  1.877 

1134.0 

7.  705 

1.090 

3)0.0 

765-41- 

119^1.4 

t  109.  A 

78.* 

1  »  .976 

5,  F44 

1.8*4 

0.7  31 

-7.0*9 

-1.877 

1193.8 

7.634 

1.000 

399.  0 

7*3- A  J- 

1  ilu^.O 

1  )0  9.  9 

18. A 

17.555 

F.  1*8 

7.408 

0.8*0 

-7.771 

-7.841 

1793.0 

9.  1A 

1.000 

)99.  0 

H'- AJ- 

uiiF.  r 

I  10  F.  1 

177.9 

17.509 

T.  079 

1.331 

0.850 

-7.F71 

-7.89  3 

1709.0 

8.644 

1,030 

393.  0 

F05-AJ- 

U)J1.  7 

12*4.  9 

A  9.4 

17.777 

T.  *08 

3 . 0  A  l 

O.830 

-7.F7I 

-7.841 

1188.  F 

■  .  363 

1.090 

309.  0 

765-AJ- 

1U2*.  A 

l  22  2.  1 

)6.n 

1 7  .  OS  5 

A.  908 

7.8)1 

0.830 

-7.771 

-7.84) 

llFo.4 

8**36 

1.  COO 

J99.9 

705-6J- 

ua»5.4 

1  199.  A 

10.9 

11.989 

4.957 

7.5  34 

P.9S0 

-7.F7I 

-7.891 

1  1ST.0 

1.  766 

1 .009 

19),  0 

>65- A9- 

Ut»F  J.O 

u*?. 5 

10.5 

17. *10 

7.  C*T 

1.3-15 

l  .  10  1 

-3.737 

-1.851 

1731.8 

8  •  7  4  A 

1 .  cro 

))0.  0 

FAS  -  AA« 

IUM.0 

l>«>  3.  3 

108.8 

17. 1*0 

r.  on* 

1  .9  18 

1  . 101 

-3.75? 

-1.85  3 

1181.3 

/.  685 

3. 003 

100,  0 

Fas-aa- 

iivco. 3 

1?  11.0 

38.  A 

1  i  .  OF  F 

F.  Ml 

1.6*8 

1 .101 

-3.757 

-1.85) 

1167.9 

7.407 

1.990 

309.0 

703-**- 

11  1*1.4 

1181.4 

76.9 

1  1 .913 

6.837 

1  .  A  l  4 

1.  101 

-3.7*7 

-  1  .851 

11*9.9 

7.  488 

1.009 

)09,  0 

F«S-Aa- 

1 1  a  f  6 » 5 

» 199.5 

78.7 

11 . 9A7 

w.  860 

1  .A  18 

1  .  lot 

•1.73  7 

-1.053 

1157.3 

7.971 

1. 0^3 

)99.  0 

Ff  5-*l- 

UU*.  1 

Ml?.  A 

75.4 

17.4F9 

3 ,  **n 

1 .599 

0.674 

-1.69 T 

-1.7A8 

17*0.  F 

8.167 

1. 090 

789.0 

FAS- At- 

1  1  B  W  ■  1 

l?*9.0 

113.6 

P  .  ??9 

5.  3*6 

1  .9  37 

0 . 6  F  A 

-1  .697 

-1.738 

1  1»  J.O 

7.5*0 

1.090 

785.  0 

FfiS-At- 

U  70  ».  4 

1  7  A  3  .  1 

30.  A 

17.1.6 

5.6*0 

1  .  687 

0.67* 

-l  .69  F 

• l . 7*8 

1  164.  | 

F.  741 

1 . 099 

7  99.0 

765-01- 

llA*  1.  9 

l 701. T 

79.7 

1  \  .  <*19 

5.  180 

1  •  *  3  7 

0 . 6  7  A 

-1.697 

-  1.788 

1151.7 

7.311 

1.090 

789.  0 

FfcS-AN- 

176-2.  1 

1  ISA. S 

46.3 

I7.M0 

5.056 

3.  750 

0.314 

-0.590 

-7.6*8 

173*.  1 

9.  345 

l .  r-oo 

295.9 

7*3- A*- 

l  13)9. A 

1  7  A  T .  5 

109.6 

17.  1*0 

A.  CF) 

A.  1*3 

0. 3)0 

-0.3«0 

->.098 

1  K  7. 0 

8.87? 

1 .009 

799.0 

F  A  3  ■  AN- 

l  5  *  F  A  »  0 

17  »  F.  7 

A7.5 

17.397 

5.  306 

3.*  31 

0.1*6 

-n.3«o 

-7.  MS 

1  167.  F 

8. 57F 

1  .  •"'09 

793.  3 

F6S-AN- 

1UH  j.  ) 

1187.  1 

77.4 

17.1)0 

A.  806 

3.5*3 

0.136 

-0.59O 

-7.698 

1  1*6.6 

8.38? 

1 .  COO 

765.  C 

F*5-an- 

1  l  A  F  F.  9 

1199.4 

78.  3 

17.180 

A.  797 

3.565 

0.  336 

-0.310 

-7.6)8 

1196.  3 

8.69) 

1.090 

795.0 

Fas-aS- 

i**>  i.  t 

-35.  * 

9.031 

4.397 

1.774 

•7.635 

1  .*6  1 

-f .940 

1734.3 

4.588 

1 . 999 

7  F 9.  0 

F6S-AF- 

t?o>).  * 

17'- 9.  0 

9.1 

9.  51  | 

A.  )  l  A 

7.057 

-7.433 

1.861 

-0.410 

11  Fa.O 

4.  "M 

l.0:0 

773.0 

FiS-Al- 

Ivv  1  A ,  6 

i7l  F.  9 

-A8.  J 

9. *98 

A  .  6A  7 

1.907 

-7.635 

1.861 

-0.430 

1191.8 

8.  rofc 

l.COO 

2  70.0 

F6S-A3- 

101a 1  .  3 

11*5-  1 

-69.5 

9.  3)1 

A.  1*7 

1.357 

-7. A3S 

1.84  1 

-0.440 

11*0.0 

8.  76? 

1.090 

7  7  0.0 

f*5-a  l- 

1  1  A  )  0  •  5 

II  Fa.  1 

*0.0 

9.3)3 

-1.75* 

l.A*1 

-7.633 

1.841 

-0.410 

1 136. » 

A.  7  77 

1 .900 

7  73.9 

FftVA  V- 

llA/6.  1 

11*5.8 

3A.1 

9.308 

3.3  35 

l.*6> 

-2.035 

1  .861 

-0,410 

1161.9 

4.704 

1.909 

7FO.0 

F65-6)- 

11917.  1 

1707.  • 

79.7 

4  •  A  1  0 

3.471 

1.858 

-7.435 

1.8*1 

-0.400 

116  8.8 

4.371 

1.C09 

7FO.0 

765-60- 

2 

1W.4 

11.1 

17.4*6 

4.  313 

0.677 

0.5F8 

-1.097 

*0.114 

1774.1 

7.495 

1.000 

785.0 

FaS-aO- 

1U20.9 

17*9.5 

119.4 

17.714 

*. 730 

1.010 

0.978 

-1.097 

-0.714 

llffc.  1 

6.177 

1.000 

289.0 

745-6Q- 

IMM.O 

175*«7 

*0,0 

17.135 

4.543 

0.7*0 

0.578 

-1.057 

-0.114 

1197. 0 

6.94) 

1.099 

785.0 

FAS- AO- 

nm.  i 

l  1  9ft.  4 

31.9 

11.466 

4.043 

0.510 

0.978 

-1.097 

-0.714 

1134.8 

6.619 

1.000 

289.0 

745-4Q- 

11530.  8 

1194.9 

17. • 

11.977 

9.447 

0.4*4 

0.9*8 

-1.041 

-0.714 

11*4.5 

4.711 

1.900 

<89.0 
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*) 

‘  l 

*  t 

A  Y 

AH 

All 

*15 

YU 

Oil 

oic 

«* 

*D4 

4*0 

*2** 

r  6  a  -  a*  - 

i  m  i.  6 

1  H‘.k 

*1.* 

11. *1* 

A.  All 

2.444 

?  115 

•  1.06* 

•1.77* 

1  2  l  4  •  4 

T.«8t 

1,000 

)  n.o 

It  6  *  4**  • 

1  1  I  M.V 

1  255.  A 

**.* 

1  '  .664 

A.  11* 

2. *77 

2.115 

-  1.06* 

-2.27* 

1 1 6  4 . 4 

7.286 

l  .oco 

100.0 

7M-44- 

ir>«  j«  a 

1722.7 

30.1 

11.1*1 

t  *  6*  7 

2.577 

2.111 

-1.064 

->.?7* 

1 145.  2 

7.011 

1.000 

m.o 

?65-*«- 

(046k. 2 

II 71, A 

20.7 

1).  *1* 

t »  1*7 

2.177 

2.  HI 

-1.06* 

-7.77* 

1  1 10. o 

7.0  7  7 

1.000 

100. o 

765-44- 

11  AI3.  • 

ll*«. 0 

JA.* 

n.*?« 

*.H1 

2. Ml 

2.111 

-  1.06* 

-7.774 

1150.7 

7.  17* 

l  .000 

100.0 

l 15)4.8 

1201. T 

2  A.  * 

11.486 

5.011 

2.215 

2.15 

-1.06* 

-2.27* 

1151.4 

7.  141 

1.000 

loo.  e 

it*-  *s- 

1184  l.  1 

no.  i 

A).* 

14.61* 

4. 170 

2.4  A* 

1.04* 

-5. *71 

-2.717 

1208.  * 

7,  720 

0.  350 

145.0 

765- AS- 

tOol.A 

12*A. i 

A*.  1 

14.J6* 

4.217 

2.744 

1.06* 

•1.471 

-1.217 

1155.6 

7.  103 

0.433 

145,0 

l*5-*S- 

1 0? *  6 . 7 

121 ?. A 

71.  A 

l*.7*l 

t.  570 

2.5*4 

1.064 

•Mil 

-2.717 

1116.* 

6.  721 

1.003 

110.0 

r^- »s* 

10* It. t 

1  It*.* 

1  1 » A 

14.11* 

6.0  70 

2.744 

J.Of  • 

•1.425 

•2.717 

1121. 0 

6.  77) 

1.101 

110,0 

fk'-ii- 

i  mi. a 

11*0.0 

2*.  A 

14.171 

5.611 

2. 144 

A. Oft* 

•  1.471 

-7,717 

1  146.  * 

7.  )7| 

0.  333 

145.0 

7*5-»S- 

t  i*8%.  t 

1  2  AO.  A 

>*.* 

14,2*1 

1.6*A 

2.147 

1.06* 

•1.421 

-7.217 

lt*4.  1 

T.  380 

0.150 

145.0 

7*5-  ar- 

12120.4 

l 360,1 

*2. A 

11.170 

4.574 

2.416 

A. TM 

• *,0  *4 

-7.746 

1726.6 

1.871 

0.150 

115.0 

765-aT. 

iun.  i 

12#0.0 

101.  A 

11.070 

6.441 

1.764 

*.771 

-4.01* 

-7.7U 

UIO.  1 

I.U1 

0.150 

M5.0 

76  6-47- 

i  on*,  a 

1214.4 

A  * .  0 

1* . 446 

4.42* 

1.014 

MU 

-4.014 

-1.74* 

1164.0 

7.585 

0,150 

115.3 

7t,  6- *r- 

l  IV7  1.  7 

1211.* 

71. A 

1*  .  •?  3 

4.126 

2. 7*4 

1.  771 

-*.0  )* 

-2.746 

1144.  2 

7.  718 

0.150 

145.0 

7  b  6  -  4  T  - 

l  t**l. A 

11*6.0 

7  7.* 

1*.  *01 

5,4*7 

2.657 

1.771 

-*.01* 

-7.74* 

iiim 

8.044 

0.150 

145.0 

7*5-MJ- 

4  2  5*3.  8 

l)7).| 

75.  * 

12.4*7 

1.751 

0.1*7 

0.520 

-0.M4 

0. 150 

1228.4 

7.010 

1.000 

281  0 

765-4t»- 

1 1 *** . * 

17**. A 

10*.  t 

12.1*7 

1.664 

fl.*45 

0.570 

-0.75* 

0. 130 

11 71.  S 

6.*01 

1.000 

;*5.o 

>A-AJ. 

lUSl *. 7 

121*. 0 

32.8 

12. til 

« .oni 

0.245 

0.170 

-0.754 

o.  no 

1151.1 

6.17* 

1  coo 

215.0 

TbA-Aij- 

inn.* 

me.* 

7*. 7 

11.4*7 

*  •  5A| 

-o  .n  38 

0.8*0 

■  0.7*4 

o.  no 

IM5.8 

<,  14* 

■  .003 

2-15.0 

765  All* 

l  l  *V  7 ,  o 

1  l*A. 3 

2  7.5 

11.4*5 

1. 17* 

-0 .060 

0.520 

-0.754 

0.100 

11*7.* 

6.  1  11 

1.00 

295.0 

7*5-44  - 

uiAi.t 

1 )**.0 

t*.  A 

12.431 

1.  145 

-O.M* 

0.454 

-0.4)6 

0.1)1 

12)4.2 

6.410 

1.003 

241.0 

765-4*. 

1  13)2.  1 

121*. 0 

**.? 

12.1*1 

A. Ill 

0.014 

0.66* 

-C.*16 

0.6)1 

1161.4 

5.  »M 

1.000 

755.0 

7  6  6  -  4  V- 

l  0*6.  t 

1  1*1.2 

7  ).  0 

12. 10A 

A. 446 

-0.717 

0.46* 

-0.*'6 

0.  *)) 

11*1.7 

5.  50* 

1.000 

285.0 

13*32.6 

1  l  A  A .  * 

1  *  *  A 

11.43) 

2.4*6 

-0.44? 

0.*6* 

-0.4  36 

0.811 

1171. 2 

5.11* 

I.OCO 

248.0 

765-tV- 

1  15J5. A 

n*A.  • 

76.1 

12.0*1 

I. 114 

-0.5  78 

0.45* 

-0.4  16 

0.8D 

1157.  | 

5.411 

1.003 

285.0 

765-4W 

23*2.2 

13*0. 1 

*0. A 

I1.|*A 

A.  4** 

0.155 

1.751 

-1.107 

0,  107 

1215.1 

6.271 

I.  000 

215.0 

7  6 A* AW* 

i:«>*. A 

127*.* 

*1.1 

12.  Ml 

1.560 

0.*4| 

1.251 

-1.107 

O.M? 

1157. 7 

5.6*5 

1.000 

215.0 

7  6  A- 4w  • 

t02  ■*.; 

1  1*1.* 

1  *.* 

12. *12 

l.|4* 

0.214 

1.251 

-  1 » to T 

0.107 

11)4.6 

5.150 

1.000 

215.0 

7*5-4*- 

i054  ».  1 

ID*.  1 

17.1 

12.4*5 

1.144 

-0.012 

1.251 

o.aot 

1177. 0 

5.*0l 

1.000 

130.0 

TaA-A#- 

11.3  .* 

Ull.) 

21.1 

11.  TM 

1.144 

-0.104 

1.251 

•l.tof 

0.  V)T 

1155.5 

5.111 

1.000 

285.0 

7  k  A- A#- 

11*1  ?.1 

1200, 1 

29.4 

it. m 

1.141 

-o.oti 

4.251 

-1.10? 

0.10? 

1157.0 

9.016 

1.000 

241.0 
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TABLE  XXVI.  LIST  OF  COMPUTER  RUNS  FOR  THE  CTR-G 
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jOI'N  HUH  roncn,  M.**'  ('i*l*i:i4  *L>  »  **« 


C*4t 

U 

f  «  IT 

405 

41)  414 

DO) 

nu 

01c 

HP 

91  14 

« to 

no*4i*  i 

1*12.4 

-  6 ' 4  .  |  -644.7 

15.44ft 

1 7.001  -{0.3O* 

4.  Olo 

4. "10 

'.HO 

7114,1 

4.  1  1  4 

0.  103 

\  1).  3 

221-47-  i 

JiO  .  6 

244  4.  4  -  1  )14.  § 

74 .  706 

71.113  -7.764 

- | .OOP 

-1.110 

-1.0)0 

1714.6 

17.613 

1  .  P03 

)D.O 

? 

t«  » 1 . 6 

/JOO.O  -i?)i.6 

>4  .439 

21.0)0  .7.647 

-1  .0.30 

- 1 .1)1 

-1.330 

1063.4 

16.4*0 

1  .  031 

))).  3 

Ma.*;.  f 

/ 1  f  <>  •  ** 

7M  1,1  -  l  2  'l  .  * 

74  .  l»ft 

7  1 .  7ft)  •  1 .  » 1  7 

•  1  .000 

-  1 ,1111 

-  1.130 

73  •  7 . 5 

1  ft .  ri6 

1.311 

1)1.3 

no-*?-  * 

*02  S  .  6 

77M. 1  -12*7.4 

74 . >«« 

70. 4ft)  -’,642 

-1  .0.30 

-1.310 

-1.030 

1074.2 

1C. 7)1 

1.003 

1  )0.0 

2T0-A2-  4 

*<•)).  2 

1070,  9  -  7  75.5 

71.M0 

16.941  -T.0-.4 

-1 .000 

-1.P10 

-1.030 

716). 4 

12. 014 

l .  ?37 

1  n,  o 

no-n-  0 

lo*22. 7 

2570,  4  -1  615.0 

71.410 

14,ftU  -V.366 

-1.030 

-1  .f\O0 

-1.030 

)/7  7, 1 

10.400 

t  .030 

3)3.0 

tto-*?-  2 

l  DM  .  0 

24M.2  •|14|. y 

74  .  70ft 

19.  1  ?■*  -r.000 

-l.noo 

-  1.010 

-1.030 

1)76.9 

70.0)7 

l  .mo 

795.0 

no- a;-  • 

IIOk,« 

2475.1  -1105.3 

7ft  .  14  ? 

14.47?  -7.447 

-  |  .000 

-  1 . 310 

-1.030 

1411.4 

71.01  ) 

1 .303 

291,0 

T?1-*7-  •# 

ll%52.5 

2951.1  -1101.1 

24.  7)  t 

16,034  -7.601 

•1.0-10 

-  1.010 

-  1 .0)0 

>471.0 

71.317 

1,003 

291.0 

220-47-10 

11*2*.  2 

74  79.  1  -Mil. 6 

74  .  691 

16. 6M  -7.14) 

-1 .010 

-  1  .OKI 

-1.030 

1*6). 4 

21.374 

1 .00 

795.0 

TTO-Al-  1 

<2*0.  6 

?6l5.0  *15)0.5 

77 .  '40 

10. 403  -  1  ?.  M2 

-5.030 

5.013 

5.030 

)))9.e 

1  1.574 

1.031 

7*0.0 

r  *<?-*>-  2 

767  1.  2 

7479.  4  -  1  737. 6 

72  .  C»o 

1  A  «  4 l 7  -1  1.446 

-5.03.3 

5.000 

5.030 

5706.7 

11.704 

1  .  C  05 

7*p.O 

TTO-*)-  I 

703  '  .  • 

2 74  9,  )  -  1  27  2.6 

77  -  n'*  7 

1 6.  7*5  -17  .06* 

•5.000 

5.000 

5.000 

1096.0 

1  >.000 

1,030 

7*1.0 

TT0-*1-  4 

7*11.  1 

21*5,4  -124*. 9 

71  .*40 

1  A.  245  -  1  7  .  1*6 

-  5 . 00  0 

5.100 

4.0)0 

)l  )4.4 

13.117 

1.003 

7*0.  0 

7  10*41-*  3 

1221  .  3 

596.5  -  39  7.3 

16. 334 

1  *.  2*4  -M  .OH 

-5.300 

5.  IPO 

5.030 

7063, 6 

10.034 

1  .ro3 

773.0 

710-41*  4 

1014  1. 6 

2729.2  -1561.7 

21  .  335 

11.1*4  .13.0)6 

-5.300 

5.  HO 

4  .130 

3454.4 

)  3.  722 

1.300 

7  7  3.0 

770-41-  7 

li»>4  •  7 

2949.2  -11)2.0 

71 • 4)3 

12.5  79  J  1.1 10 

-5.000 

5.110 

4.1)0 

1555. 4 

14.  Il 2 

1.000 

2M.C 

7  70*4  1-  • 

IUI1.1 

2414.4  -l 105.4 

71  .  412 

17.6?)  -17.0)7 

-5.030 

5. 010 

4.030 

)5)6. ) 

14.043 

l .  CPO 

2  2  9.0 

7  70-41-  6 

11211.6 

1774.1  -1519.5 

2).  71) 

13.*?*  *|2. *61 

-5.130 

5.000 

5.0)0 

14  74.  ) 

15.  040 

1 . 331 

113.3 

7  70- 4  V- 10 

U4*0.  1 

7*17.1  -1)14.1 

71.712 

12.01?  -12.106 

-5.000 

5.130 

5.130 

1571.5 

14.119 

1  ,C53 

775.  C 

7  70-43*10 

11450.  1 

••67  7.  1  *  1  )1  6.1 

21.712 

! ? . 6 l ?  -12.106 

-4.030 

5.r-i0 

5.030 

3471.5 

14.139 

1.003 

72  9.0 

7  70*  4 1-  •  • 

-45.  J 

-1647,5  546.? 

0.0 

0.0  0.0 

-5. 010 

5.010 

5.000 

1117.4 

24.431 

C.  400 

713.3 

770-44-  l 

7251. 5 

7190,6  -1413.9 

26. 1  74 

14.524  -11.760 

5.000 

-5.000 

6.030 

)0C6. ) 

It. 344 

i.oco 

m.o 

770-41-  1 

1616.  7 

-  1 44.6  1  7. 4 

) 3 . 0*0 

14.690  1.647 

5.300 

5.110 

-5.030 

7717.0 

I*. 171 

3. 110 

149.9 

770-45-  2 

2*61 .0 

-5M.3  1  7  4  ,  ft 

57  .  730 

1* .  767  ?. 110 

6.000 

5.011 

-5.000 

1444.4 

13. 212 

3.  )00 

15).  0 

7  70.4S-  5 

»  D*  .  • 

-474,1  764.9 

17. ft4T 

13.160  7.0*0 

5  .000 

5.D1 

-5.110 

1674,0 

1  ).  7  74 

3.  ICO 

199.  e 

770-45-  4 

242  2.  2 

-691.1  190.) 

37 . 400 

l  *  .  r  10  1.900 

5.000 

5.010 

-5.015 

1477.7 

11.402 

0.130 

1  10.  0 

770-45-  5 

1172.  1 

*1414.0  56  7.) 

30.  4*0 

12.600  -0.7M 

5.030 

5.300 

-5.0)0 

1446  4 

U.«tl 

0.  )33 

1  S3,  0 

7  70-44-  4 

•96.  » 

—  1  4  5  7  .  1  546.2 

24 . 4o0 

10.400  -2.739 

5.000 

5.000 

-5.000 

11)2.4 

If*.  4*2 

0.  )00 

1  33.  0 

770-44-  7 

1172.1 

*1416.0  )47.  1 

10 . son 

17.400  -1.146 

5.310 

5.110 

-6.119 

145ft. 4 

11.411 

0.  103 

1  9), 9 

770-45-  • 

-17.  5 

-1047.5  54«.2 

24. 440 

10.600  -2.244 

5  .OOn 

5.100 

-5.0)0 

11)7.4 

15. **» 

0.  103 

1  43.  0 

770-46-  1 

7*45.  1 

2)76.)  -1)09.5 

)l  .  7M 

2I.C40  -*.)!• 

2.000 

1.010 

-4.000 

3)77.4 

19.037 

1 .000 

2  49.0 

7  70-**-  i 

7215.0 

2140,6  -1700.4 

)1 . 073 

71.001  -1.195 

7.030 

7.010 

-*.0)0 

1164.4 

14. 774 

1 .  noo 

?9'.0 

77  C-A6-  > 

•  7)5.  1 

7007.2  -1142.1 

)•>.  H> 

2  1.1)4  -*  .7  16 

7 .000 

7,001 

-  * . 030 

307*.* 

10.  61  3 

1.030 

241.1 

770-46-  4 

705  l  •  3 

7074,6  -1716. « 

10.  774 

20.4)4  -*.*44 

7.000 

7.010 

-*.000 

114.1 

16.134 

I.OCO 

7  44.  0 

770-46-  5 

50  \  *  .  1 

1  »  1 7. 0  -  707. * 

24  .  '>76 

1*.6'4  -  2  .*  45 

2  .031 

7.010 

•4. 130 

74*6.4 

16.369 

1 .  001 

714.0 

770-46-  0 

WlO.  1 

7  4  7  1  .  4  -  1  C  0  4  ,  (J 

76.403 

1  A  .  4  34  -?.014 

7.130 

7.100 

-4.01Q 

M4*.  1 

73. ))* 

1  .PC) 

>4*.0 

770-46-  7 

11656.  1 

*  77  1.  1  -  1  12  4.1 

70  .  760 

16.0*)  -2.995 

7.000 

7.000 

•*.030 

15** .  7 

71 . 43? 

1 . 101 

7*s.  0 

770-46-  • 

l  ISl*.  9 

240  1  ,  9  -  1  2*5.1 

30. 0«? 

16.44)  -2.7*7 

7.000 

7. POO 

-♦.100 

161 r.o 

??.  0  20 

1 .000 

794.  0 

770-46-  9 

11447.  1 

2 9*0.0  -1551.4 

30.447 

17. *07  -2.66* 

7. 030 

7. 010 

-4.030 

3664.6 

77. 2*0 

I.OCO 

7  44.0 

1 70-46- | 0 

1151  1.6 

2445.9  -117''. 0 

30.94? 

It. 766  -2.460 

7.000 

7.000 

-4.0)0 

3001.1 

27.747 

1.000 

744,0 

77Q-47-  1 

64  16.2 

1900.  6  •1)11.4 

*0.116 

16.67*  -6.5)1 

7.031 

7.010 

7.D0 

2407.1 

11.133 

1  .  COO 

7)4.3 

770-47-  J 

56)6.0 

1510. 1  -1162.5 

26.  4ft  6 

14.4*0  -1.371 

2. POO 

7.000 

7.030 

7741.6 

10.914 

1.000 

765.0 

7  70-47-  > 

4*16.4 

1216.6  -1104.4 

26.  T|ft 

I  6.  1  M  6.4lfl 

7.000 

7.OC0 

7.03  0 

2574,4 

10.103 

1  .coo 

>00.0 

770-47-  4 

54J‘>.  5 

1)46.6  -116*.? 

76.616 

14.47)  -6.071 

a. mo 

7.010 

7,030 

7674.6 

11. 190 

1.303 

no.  0 

770-47-  5 

111).  2 

-744,  4  -3PC.2 

?7.  Ml 
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APPENDIX  IV 

AIRFOIL  SECTION  CHARACTERISTICS 


The  aerodynamic  characteristics  for  the  airfoil  sections 
used  in  this  study  are  presented  for  49  anqles  of  attack 
(0°  <  a  <  360°),  4  Mach  numbers  (0.30,  0.45,  0.65,  0.80), 
and  for  5  flap  deflections  (-10°,  -5°,  0°,  5°,  10°).  Table 
XXXI  contains  aerodynamic  data  for  the  modified  Kaman  23012 
airfoil  without  a  flap.  Tables  XXXII  and  XXXIII  contain 
data  for  the  Kaman  23012  airfoil  with  a  trailinq  flap  and 
a  faired  flap,  respectively.  Wind  tunnel  test  data  were  used 
directly  where  available  for  these  tables  and  were  cross- 
plotted,  interpolated,  and  modified  usinq  standard  NASA 
techniques  for  thickness,  camber,  flap  angle,  and  Mach  number 
effects  to  synthesize  the  tabulated  coefficients.  All  section 
characteristics  tabulated  herein  are  based  on  the  total  chord 
of  the  blade  or  of  the  blade  and  flap,  as  applicable. 


TABLE  XXXI.  AERODYNAMIC  COEFFICIENT  DATA 
FOR  THE  KAMAN  23012  AIRFOIL 
SECTION.  _  _ 

MACH  NUMtlCK  *  0.  30 


Al  PHA 

CL 

CC 

CM 

0.0 

0.  13000 

0.00950 

-0.01000 

1.00 

0.25000 

0.00960 

-o.oidoo 

2,00 

0. 35500 

0.01000 

-0.01000 

3.  00 

0.45200 

0. 01020 

-0.01000 

CC 

0. 56000 

0.01100 

-0.01000 

5.  00 

0.66800 

0.011HO 

-0.01000 

6.  CC 

0. 77000 

0.91280 

-0.01000 

7,  00 

0.  .3H.OOO 

0.01520 

-0.01000 

0.  00 

0 . 0 3500 

0.01680 

-0.0 1000 

0.  00 

1 . 09000 

0.02120 

-0.0 1000 

10.00 

1  .  19700 

0.037/0 

-0.01040 

li.oo 

1 . 30500 

0.03770 

-0.01200 

12.00 

1 . 30000 

0.051 )9 

-  0 . 0  1 6  o  C 

1  3.  00 

1 . 20500 

0.06750 

-0  .0  2  750 

14.00 

l . 05900 

0.  CM  760 

-0.04)50 

If.  00 

0. 5  57  10 

0.  HO  10 

-0  .0791'!: 

2  0.00 

0.  9  50  01) 

C. 39000 

-0 . 1  1009 

30.00 

1. 0  10  00 

0.59000 

-0. 1 7460 

50.  00 

1 . 20000 

1  .  30500 

-0.33800 

65. 00 

0. 65000 

1.  713  >0 

-0.4)100 

60.  OJ 

0. 5 15  10 

1.94M)j 

-0.60 '.Of 

00.0  o 

<j.  loo  no 

2.000  )  ) 

-0.6 l.UO 

i co. oo 

-0. 22C00 

l.41'0  )0 

-0.65000 

110.00 

-0. 52000 

1.876  )0 

-0 . 5 j  50C 

l  30, 00 

-0. 45500 

1.53)  )0 

-0.69500 

1(2.00 

-0. 59000 

0. 29200 

-0 . 30000 

170. OJ 

-0.  7 CO 0  0 

C.  16  100 

-0  .  V.900 

1 75. JO 

-0. 5 2000 

0.067  10 

-0.3-.V2CC 

1 60. CO 

-0.  1  OoO 

0.02-M10 

0.01000 

let. oo 

0.50000 

0.047 )0 

0.36400 

152. CC 

0. 77000 

0.159  10 

0 . 34600 

2CO.OO 

0. 65000 

0.23000 

0.31 800 

230.03 

0.  9 '1000 

l  . 35)00 

0.6  7.100 

2tP. CO 

0. 2  5090 

l  .  •)5i<,l  0 

0.67409 

2  7C. CO 

-0. C500O 

2.00000 

0.64900 

200. 00 

-0.  3  7000 

1.470)0 

o . 50000 

3C0, CO 

-0. 92000 

1 . 66600 

0.33600 

330. OC 

-0. 06000 

0.6H8 )0 

0.13600 

355.00 

-l  .  150  )0 

n. 7)9)0 

0.0 

350. 00 

-1  . 0  60 no 

0. 13)60 

-0.00600 

359,00 

-1 . 02600 

0.003)0 

-0.00909 

350. CO 

-0. 96000 

0.07070 

-0.0)960 

351.00 

-0 . 1)62  00 

0,04700 

-0  1000 

352.00 

-0. 76300 

0.0204 ) 

-0.0  1  V)P 

355.00 

-9 . 5  '.!  10 

0.0  1  6.60 

-0 .0  loop 

355,00 

-O.  5  30 no 

0.01)  >0 

-9.01 009 

3‘< . CC 

3  1  no 

0.01310 

-  0 . 0  1)01' 

35r.';o 

-0. 05600 

O.o  mo 

-.1.0  1  .190 

3(0.0) 

n.  1  70  Id 

0.00460 

-0  .o  i  ij 
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TABLE  XXXI 


Continued 


MACH  NUMGER  «  0.45 


ALPHA 

CL 

cc 

CM 

0.  u 

0. 12500 

0. 00990 

-0.01300 

1.00 

0.24000 

0.00970 

-0.01200 

2.00 

0.35800 

0.01000 

-0.01040 

3.  00 

0.48000 

0.01080 

-0.03950 

4.00 

0.6C400 

0.01110 

-0.00800 

5.  00 

0. 73000 

O.U12O0 

-0. 00700 

fc.  CO 

0. 85000 

0.01330 

-0. 00600 

7.  00 

0.96500 

0.01500 

-0.00400 

8.00 

1.07300 

0.01740 

-0.00200 

o.  00 

1  .  1  74  00 

0.02100 

0.0 

10.00 

1 .74000 

0.02553 

0.03200 

U.00 

1.21300 

0.0 J450 

0 .00600 

12.00 

1 .12600 

0.05650 

-0.05600 

1  3.  00 

1 .03C00 

0.  104  7  0 

-0.0  7500 

14.  CO 

0.55400 

0.  14070 

-0.05100 

1/-.  00 

0.05490 

0. 20700 

-0.0 -n^o 

20.00 

0.  4 5 0  JO 

0 .  3  ?'•  )  7 

-0 . 197v)J 

30.00 

l .03000 

0.64400 

-0.2.7000 

50.  00 

1 . 20O00 

1.41370 

-0.35900 

£5.  00 

0.85000 

1 . 50000 

-0.44500 

80.00 

0. 4 1400 

2.01000 

-0.51400 

00. 00 

0. 1 0000 

2.0  fJ'OO 

-0.55000 

1  CO. 30 

-0.77000 

2.0  l<  to 

-0. 57403 

1 10. 00 

-0.52000 

1.695)0 

—  0 . 5  3000 

130.00 

-0.95500 

1.48200 

-0.55500 

H2.00 

-0.5400C 

0.313)0 

-0.29500 

170.00 

-0. 78000 

0.  19730 

-0. 33530 

175. JO 

-0. 52000 

0.0* '00 

-0.2  7300 

1 60. CO 

-0. ICC CO 

o.o i  no 

0.010)0 

lffc.00 

0.4CO0Q 

0.0'.')  10 

0.2  7  500 

152.00 

0.  7  7000 

0.  17200 

0.330C0 

2C0. 00 

0.64000 

0. 30600 

0. 32000 

230.00 

0.98000 

1.42270 

0.5  7000 

2tO. CO 

0. 2oA00 

1.972)0 

0.59  100 

27C, 00 

-0. csnjn 

2 . 04.800 

0.55500 

280.00 

-0.  3  7000 

2.04,300 

0 . 5  l  2uC 

3C0. CO 

-0.92000 

1  .  744  >0 

0 . 40400 

330, OC 

-0.96000 

0.753)0 

0. 15500 

345.00 

-1 . 02000 

0. 26000 

0.02030 

348. 00 

-1  . 1  3700 

0.  16750 

-0.02130 

349. CO 

-l . 08500 

0.  125)0 

-0 .0  7  100 

350. CO 

-l . C2UOO 

0.09650 

-0.02050 

351.00 

-0.94000 

0,06000 

-0.02300 

752.00 

-0.84000 

0.04130 

-0.0  1960 

354. CO 

-0. 60500 

0.01960 

-0.0  1000 

355.00 

-0.48700 

0.01580 

-0.01750 

35t.CC 

-0. 16500 

0.013*13 

-0.01650 

348. CO 

-0. 1 2400 

0.011)0 

—  0.0  1  4,):) 

3(0. 00 

0.  1  2  r>  00 

0 . 0.39 9  3 

-0.71  JUU 
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TABLE  XXXI 


Continued 


MACH  NUMBER 

*  0.6  5 

ALPHA 

CL 

CC 

CM 

0.  0 

0. 14000 

0.01100 

-0.00800 

1.00 

0.27000 

0.01080 

-0. '00400 

2.00 

0. 40500 

0.01070 

0.00100 

3.00 

0. 54400 

0.01080 

0.00400 

A.  CC 

0. 65000 

0.01 1  50 

0.00800 

5.  00 

0.72000 

0.014  30 

0.00960 

6. CO 

0. 76OO0 

0 . 0 1 8  rt  0 

0.0  1000 

7.  CO 

0.  74000 

0.02690 

0.00500 

a.  oo 

0.  « 1000 

0.03780 

-0.01000 

9.  00 

0.  5  3000 

0.05160 

-0 .02  700 

10.  00 

0.  rt  SOOO 

0.07050 

-0.04400 

11.00 

0.  86600 

0.09900 

-0.06100 

12.00 

0.  88200 

0.  13410 

-0.07700 

13.00 

0.  89000 

0.  16520 

-0.03600 

1  A.  CC 

0.  A  1000 

0.  19  0  2  0 

-0.09  300 

1  6.  00 

0. 4  3000 

0. 23850 

-0. 1  9400 

2  0.00 

0. o 7000 

0. 36600 

-0. 12900 

30.00 

1 .05300 

0.  71000 

-0. 2 4300 

50.  OC 

1 . 2CC00 

1. 510  10 

-0.39500 

6 5.  00 

0.80000 

1.90200 

-0.4  7500 

ec.  oo 

0.  A  1400 

2.  1  14  )0 

-0 .53300 

AO.  00 

0. 10o-)0 

2. 16300 

-0.670 >0 

1  CO. 00 

-0. 22000 

2.114)0 

-0.49400 

110.00 

-0.0  20  30 

2.00000 

-0. 61000 

1  30,00 

-0.40500 

1 . 53800 

-0.57600 

1(2.00 

-0. 54000 

0.42000 

-0.23000 

170.00 

-0. 70000 

0. 71800 

-0.26300 

l  75. 00 

-0.52000 

0.09700 

-0.2  1000 

i  go. co 

-0. 10000 

0.  020  )0 

0.0  1000 

l g(, 00 

102. OC 

0.  AO'JUO 

0.07900 

0. 19500 

0. 77000 

0.180)0 

0 . 30300 

2C0. 00 

0.64000 

0. 347  )0 

0. 32400 

230.00 

9  8000 

l . 52000 

0.60800 

2(0. CO 

0. 26000 

2.  100  70 

0.62300 

2  7C. OC 

-0. 06000 

2. 15500 

0  •  *>  'JoOO 

20 0, 00 

-0. 3 (000 

2.  IAOC'0 

0 .65:>-)0 

3C0. CO 

-0.92000 

1 .87000 

0.44  300 

33'),  OC 

-0. 46000 

0.  79500 

0 . 20300 

3  A  5 . 0  0 

-0. 69400 

0. 30000 

0.05900 

3<.n.  oo 

-0.  >14000 

o. 21020 

0 .0  3400 

3  A  A . CO 

-0.  8  3300 

0. ISrtOO 

0.02  700 

350. CO 

-0. 81500 

0. 16860 

0.0 2000 

351. CO 

-0. 79000 

l).  14400 

0.01000 

352.00 

-0. 77200 

0.11590 

-0,006.90 

35A. 00 

-0.64600 

0.04720 

-0.0  3000 

355. 00 

-0.  4  30. )0 

'■ .  )  nor* 

-0 

35(. CC 

-r*.  o.ioo 

0.02190 

—  0.07  400 

35P. CO 

-O.  1  -.0  00 

o.onoo 

-o.oif.  )>' 

3(0. 00 

0.  I  41)00 

O.otl  )  n 

-C .00900 
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TABLE  XXXI  -  Continued 


MACH  NUMbE  K  =  0.80 


AL  PhA 

CL 

CC 

CM 

0.  0 

0.  14600 

0.02210 

-0.00900 

1 . 00 

0. 20500 

0.01820 

-0 .0 1000 

2.00 

0. 26000 

0. 01990 

-0  .02000 

3. 00 

0. 7 1000 

0.02490 

-0.02900 

4  .  00 

0. 7  64  00 

n. 03440 

-0.0 3700 

5.00 

0.41000 

0.04880 

-  0  . 0  4  2  0  0 

6.00 

0. 45700 

0.06580 

-0.04700 

7.  CO 

0. 50000 

0.03441 

-0.05200 

8.00 

0. S400C 

0.  106  31 

-0  .05600 

<7.  00 

0. 5SO00 

0. 12560 

-0 .04*700 

10.00 

0.62000 

0.  145  10 

-0 .07*7.70 

U.  00 

0.66100 

0.16  3  10 

-0 .0  3400 

12.00 

0.68700 

0.  13200 

-0. 103C0 

1  3. CO 

0.  7  1  700 

0. 20350 

-0. 12600 

!'•.  CO 

0.  74.300 

0.22570 

-0.14200 

1ft.  00 

o.  800*10 

-7  .  26  7  31 

-0 . 1  7300 

20.  00 

0 . ftooon 

0. 39400 

-0 .22500 

30.00 

1  .  C  38*00 

0.  75,)  70 

-0.23700 

50.  OC 

1 . 20000 

1 . 5  1O10 

-0.47200 

65.  00 

0. 04000 

1.94010 

-0.53700 

80.00 

0.41410 

2.215  0 

-0.57300 

Of*.  0  7 

0,  lo'too 

2.2  30  l() 

-0 . 40700 

l CO. 00 

-0. 22000 

2 .  2  4  2  0  C 

—  0.6  303(7 

l 10.00 

-0. 32000 

2.  15400 

-0 .64000 

L  30. CO 

-0. 0  5  4  0  0 

1.66300 

-0.60000 

1<2.00 

-0.54000 

0.46000 

-0.25000 

1 70.00 

-0.  780  0  0 

0.22b  10 

-0 . 16300 

1  75.  JO 

-0.5 2000 

0. 0  9  B  0  0 

-0 .07900 

i eo. co 

-0.  1  CO 00 

0.030)0 

0.01000 

i et.co 

0.4  JO  0  0 

0. 048 J3 

0 . 11500 

1 52.00 

0. 77000 

0.21000 

0.21500 

2  CO. 00 

0.64000 

0.43370 

0 .33200 

230.00 

0. 08000 

l . 600  70 

0 .63200 

2  tO.  CO 

0. 26000 

2.  24r>10 

0.65000 

2  7 C. 00 

-0. 05000 

2.  o o < •  o 0 

0.62000 

200.00 

-0.  3  7000 

2.228 70 

0 . 53000 

3  CC. CO 

-n.  <12000 

1 .  *39600 

0 .47800 

330. OC 

-0.96000 

0 . 13  c  0  10 

0.25700 

3 <.5. 00 

-0. 66000 

0. 32090 

0 . 10500 

748.00 

-o  .  4  «r.OO 

<).  241  50 

0  .07200 

3A4.C0 

-0. 444  .10 

0.24  1  SO 

0 .06  ICC 

350. CO 

-0. 52200 

0. 225  10 

0 .05290 

351.00 

-n . 49000 

0.20450 

0.04500 

352.00 

-0.45400 

0.  IH  700 

0 .03900 

354.00 

-0 . 38000 

0. 1 3800 

0  .92  300 

355. OC 

-0.  j4n.-)Q 

0.11651 

n.  9i  <,.)(.* 

35< . CC 

-0. 30000 

0.04 6 1C 

0.01000 

3  5  8. CO 

-0.  1  7000 

0.04360 

0 . 01200 

3  Ml.  CO 

0.  145  70 

'1.02210 

-0.0  1700 
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TABLE  XXXII 


AERODYNAMIC  COEFFICIENT  DATA  FOR  THE 
KAMAN  23011!  AIRFOIL  SECTION  WITH  AN 
EXTERNAL  SERVO  FLAP 


MACH  NUMBER 

.  »_C. 30 _ 

SE  P  VC- 

•FLAP_.Cf.FLJE.CTJ  PH 

»-_10*_Q_ _ CEG_ 

ALPHA 

CL 

.  CC 

CM 

CMC 

0.0 

-C.34CC0 

C.C1CCC 

0.07450 

0.00284 

1.00 

-C. 23COO 

C. 00080 

0.07000 

0.00257 

2.00 

-C.  120C0 

C  .  COO  20 

0.08100 

0. 00230 

3.00 

-C.CIOGO 

C.CC850 

0.08200 

0.00203 

A.  00 

0.  IOOCO 

C.C05CC 

C. 08400 

0.00176 

5.  00 

c.ioaoo 

C.C002C 

0.08560 

0.00149 

t.CO 

C. 32CCC 

C.CC050 

C.C8400 

O.OC117 

7.  00 

C. 42  7  00 

C. 01080 

0.08700 

0.00090 

8.  00 

C. 5 36CC 

C.C1240 

C. 08750 

O.OOC43 

«.  00 

C.645C0 

C ,C 1 440 

0.08700 

0. 00036 

10.00 

C.  75 5 CC 

C.C152C 

0. 08440 

0.00009 

11.00 

C.  PS  3 CO 

C.C2PCC 

C. 03580 

-0. 00022 

12.00 

C.S70C0 

C.C3S40 

C. 08400 

-0. OOCSO 

1  3.  00 

1.C77C0 

C.C504C 

0.07900 

-O.OOC77 

14.  CO 

1 . 1 1CC0 

C.C7CCC 

C. 06800 

-O.OC104 

If.  00 

C.54OC0 

C.  12PC3 

C. 03300 

-0. 00 1 58 

20.00 

C.  51  ICO 

C  •  200 CC 

-C. 01500 

-0. OC  280 

30.00 

C.  <’8  2  00 

C  .59CC0 

-0. 1 2650 

-0. 00596 

30.  00 

1.200C0 

1  . 3O5C0 

-C.33°00 

-  0. n  1 1 5 1 

45.00 

C. P500P 

1.71 3C0 

-C. 4  3100 

-0.01386 

8C.00 

C.414CC 

1.S46C0 

-0. 50400 

-0.01544 

50. 0'1 

C.  1C0C0 

2.C0CCC 

-0.53600 

-0.01581 

1  CO. OO 

-C.22OC0 

1.S6CCC 

-0. 56000 

-0.01535 

110.00 

-C. 52000 

1.674CC 

-0.56500 

-0.01422 

1 30, CO 

-C. 55500 

1.432C0 

-0.54500 

-0. 0 1 129 _ 

1(2.00 

-C.54CCO 

C.292CC 

-C. 30000 

-0.  0 C 4 0 6 

1 70.00 

-C.  73000 

C.181C0 

-C. 34000 

-0.00203 

1 75. 00 

-C.32CCC 

C.C67C0 

-0. 30000 

-0.00068 

1 £0. CO 

-C.  IOOCO 

C.C20C0 

C. 01000 

0.0OC69 

1  ft. 00 

C.4O0C0 

C .04  7 CC 

C. 35400 

0.0020e 

152. CO 

C.770C 0 

0. 1 S8C0 

C. 34800 

0. 00336 

2  CO. 00 

C.t4CC0 

C.28CCC 

C. 31800 

0. 0C497 

230.00 

C.58CC0 

1. 3C  2CC 

C. 57800 

0.01075 

2  t  0. GO  . 

C. 28000 

l.SSECO 

C. 57400 

0.01535 

2  7C. CO 

-  0 . C  5  3  CO 

2.C0CCC 

C. 54000 

0.01603 

2CO.00 

-C. 370C0 

1 . 5  7  0  C  0 

C. 50000 

0.01581 

3C0.C0 

-C.520CO 

1 . 6  4-  5  C  0 

C. 38800 

0.01377 

330. OC 

-C. S6CC0 

C.4-PPC0 

0. 1 3600 

0. 00004 

345.00 

-1.270C0 

C.23CCC 

0. C  6  800 

0.00682 

348.00 

“ l . 34 pro 

C. I 3540 

C. 06000 

0. 00610 

340. CO 

-1  . 31 PCO 

C. 1CP4C 

C. 96H00 

0,00562 

350. CO 

-1.27200 

C.CP420 

C. 05 800 

0. OC  555 

351.00 

-1.210C0 

C.C4270 

C.  0 6600 

0.0C537 

352.00 

-1  .  147CC 

C.C4450 

C. 06000 

0. 00506 

354.00 

-C.577CC 

C  .02  i  40 

0.06300 

0.00452 

355. OC 

-r. 4 7 "CO 

C . 0 l 7  SC 

C. 06 500 

0.00424 

34< . CC 

-C. 7 70CO 

C  .  C  1  5  1 C 

C. 06650 

O.OC  ^67 

35t. CO 

-C. 550 CO 

C.C123C 

C. 07 200 

0. OC  ^43 

340. 00 

1 _ 

• C.34CGC 

C  .  C  1  0  C  C 

0.0745) 

0 , 0  c  2  6  4 

200 


TABLE  XXXII  -  Continued 


MACH  NUMBER  «  C.65 

ALPH&  Ct 

S6PVC- 

RliP  DEFLECTION  =-10. C  CEG 

CC 

CM 

CMC 

0.  0 

-C.266C0 

C.0157C 

0.07500 

0.0C461 

1.00 

-0. 140C0 

C.0147C 

O.OROOO 

0. 00424 

2.00 

-C.C05CC 

C.C1450 

0.08600 

O.OC388 

3.00 

C. 130CO 

C.C14E0 

0.09100 

0.00352 

4.00 

0.264C0 

C.C152C 

C. 09600 

0.00316 

5.00 

C.400CO 

C .0 16  50 

C. 10000 

0.0028C 

6  •  0  0 

C. 52400 

c.cieec 

C. 10400 

0, OC  2  39 

7.00 

C.622C0 

C.C2 iec 

C.  10700 

0.00199 

8.00 

C. 701CO 

c.C24eo 

0.10800 

O.OC  162 

0.  CO 

0. 760C0 

C.C2550 

0.10400 

0.00117 

10.00 

c.poccn 

C.C38  1C 

o.oaioo 

0.00077 

11.00 

C. e28CO 

O.C45iO 

0.04300 

0.00036 

12.00 

C. 850C0 

C.C68C0 

0.01100 

-0.00009 

13.00 

•  C.  €6 8 CO 

C.C5260 

-C. 00700 

-0.00050 

14,00 

C. P80C0 

C.  1  2  7  2C 

-C. 02300 

-0.0C095 

16.00 

C. 50500 

C  .  1 R  6  5  C 

-0.04700 

-0.00181 

20.  00 

0 . 54  fl CO 

C.365CC 

-0.08400 

-0.00340 

30.00 

I.C30C0 

C.71CCC 

-C. 23300 

-0.00710 

50.  OC 

1.200C0 

1.51CC0 

-0. 39500 

-0.01237 

65.00 

C. 850CO 

1.402C0 

.  -0.47500 

-0. 01495 

eo.oo 

C.414C0 

2.116CC 

-C. 53300 

-0.01671 

SO.  00 

0. 100C0 

2.16  3CC 

-C. 57000 

-0.0  1  716 

ICO. 00 

-C. 22000 

2  •  1 1  5CC 

-0.59500 

-0.0167  1 

110.00 

-C.520C0 

2.C0CCC 

-C. 61000 

-0.01558 

1  30.00 

-C.655C0 

i  ,5eecc 

-0.57600 

-0.01197 

162.CC 

-C.54CC0 

C.42CC0 

-0.28600 

-0. 0C442 

170.00 

-C.  7  8  06*0 

C  .2  1PCC 

-0.26800 

-0.00203 

1 75.00 

-C.52CC0 

C.C57C0 

-C. 21000 

-O.OOC45 

leo.oo 

-C. lOOCO 

C.C2CCC 

C. 01000 

0. OC  108 

1 86,00 

C.40CC0 

C.C75C0 

0.  19500 

0.00248 

192.00 

C. 770CO 

C.  180CO 

0.30300 

0. OC  384 

2 C0.00 

_  C.64CCC. 

C.347C0 

_ 0.32400 

0.0C564_ 

230.00 

C.  580C0 

1.52CCC 

C. 60800 

0.01156 

260.00 

C. 260C0 

2.  10CCC 

0. 6  2  BOO 

0.01639 

270. 00 

-C.C5000 

2 . 158C0 

0.596C0. 

0.01720 

2eo.oo 

-C. 371CO 

2.  140C0 

C. 55500 

0.0168C 

3C0. 00 

-C.920C0 

1.87CC0 

0.44300 

0.01436 

330.00 

-C. S60C0 

C, 755CC 

0.20300 

0.0C853 

345.00 

- C  «  5  3  4  CO 

C. 3OCC0 

C. 11300 

0.00853 

348.  CO 

-0.50000 

C.245CC 

C. 09900 

0,00804 

349. 00 

-C. 890CO 

C. 23  160 

C. 09300 

0. 00786 

350. OC 

-0. fi  76  CO 

C.  24  ICO 

C.0R900 

0.00768 

351.00 

-C.  862  CO 

C  .  193C0 

0.08500 

0.00745 

352.00 

-C. 85CC0 

C.  16810 

C. 08400 

0.  00722 

354.00 

-0,81 300 

C,  1C320 

C. 08000 

0.0C673 

355.00 

-C.  76  7C0 

C.C6P  1C 

C. 07100 

0.00646 

356.00 

-C.698C0 

c.C44eo 

0.06300 

0.00614 

35°. 0) 

-C. 51 oco 

C.022C0 

C. 06300 

C.  005 3 7 

360. 00 

-C. 266CC 

C.C15  70 

C.  07500 

0.00461 

TABLE  XXXII  -  Continued 


MACH  NUMBER  *  C.8C  SERVC-FLAP  DEFLECTION  *-10. 0  CEG 


ALPHA 

CL 

CC 

CM 

CMC 

0.0 

-C.288C0 

C.IO7C0 

0.06400 

O.OC271 

t.00 

-C.2J0C0 

C.C88CC 

C, 06000 

0.00212 

2.00 

G.C 

C.C705C 

C. 05800 

0,00145 

3.00 

C.170C0 

C.0552C 

0.05100 

0.00063 

4.00 

C.240CC 

C.C44CC 

0.02800 

-O.OCOC9 

5.00 

0.29000 

C.C4CC0 

0.01300 

-0.00072 

6.00 

0. 342  CO 

C.C4 ICO 

C. 00200 

-O.OC126 

7.00 

C.  39?  CC 

C.C443C 

-0.00600 

-0.00176 

B.00 

C.440C0 

0.C6CC0 

-C.0 l 300 

-0.00221 

9.0C 

C.4S3C0 

C.C56CC 

-C. 01900 

-0.00266 

10.  00 

C . 52  8 CO 

C.C65CC 

-0.02600 

-0.00307 

11.  JO 

C,  56  8  CO 

C.C  7  7  40 

-C. 03  300 

-0.0034  3 

12.00 

C.tOflCC 

c.coccn 

-0.03900 

1 

O 

• 

o 

o 

CD 

13.  00 

C.645CC 

C. 105C0 

-C. 04900 

-0.00415 

14.  CO 

C.68CC0 

C. 122CC 

-C. 07400 

-O.OC44  7 

1*.  CO 

C . 74  5 CC 

C.  163C0 

-C. 12900 

-0.00515 

20.  CO 

C. 6  6  300 

C.  764CC 

-0.20800 

-0. <70632 

30.  00 

l.COrtCO 

C.75CCC 

-C. 28700 

-0. OC894 

50.00 

1.20CC0 

1.51CCC 

-C. 42200 

-0.01330 

65. OC 

0.P6OC0 

1.840CO 

-0.50700  -0.0160C 

80.0) 

C, 4 l 400 

2 . 2  1  c  C  C 

-0.57700 

-0.01730 

90.  00 

C. 10OC0 

2.28CCC 

-0.60  7  0,7 

-0.0181C 

ICO. 00 

-C.220C0 

2.  262CC 

-C. 63700 

-0.0176C 

110.00 

-C. 520CC 

2,  154C0 

-C. 64000 

-0.01650 

130.00 

-C.955CO 

1.666C0 

-C. 60000 

-0.0  1260 

162.00 

-C. 54CC0 

C.4ftCCC 

-0.25000 

-0.00450 

170.00 

-C. 78 )C0 

C.228CC 

-C. 16300 

-0.  0 C ?  70 

175, 00 

-C.520CO 

C.C9PC0 

-0.07500 

-0.00C30 

1 80,00 

-C. 10CC0 

C.C30C0 

0.01000 

O.OC  120 

186.00 

C.4  30CC 

C.C68C0 

C. 1 l 500 

0.00290 

192.00 

C.770C0 

C.21CCC 

C. 21 500 

0.0C450 

200.00 

C.64CC0 

C.433C0 

C. 33200 

0.0065C 

230. 00 

C. 58000 

1  .fcOCCO 

C. 63200 

0.01320 

260.00 

C . 26  0  CO 

2.24CCC 

0.65000 

0.01  760 

2 70. 00 

-C. C50C0 

2.28CC0 

0.62000 

0.0  1910 

20C. 00 

-C. 370CO 

2 , 32 (CC 

C. 58000 

0.01770 

3C0. CO 

-C. 62000 

1.896CC 

C. 47000 

0.01520 

330.00 

-C. 56CCO 

C  .85000 

0.  25700 

0.0C97C 

344.00 

-C.720C0 

C  .  32CCC 

0. 13400 

0.007C4 

348. 00 

-C.647C0 

C.35PCC 

C. 1 l 500 

0.00628 

346.00 

-C.62CC0 

C.  3  3950 

C.  10900 

0.00601 

350.00 

-C. 59800 

C.32CCC 

C. 10300 

0.00573 

351.00 

-C.571C0 

C.305CC 

0.09700 

0,00546 

3  52  •  CO 

-C. 54800 

C.283C0 

0.09200 

0.0C515 

354,00 

-C.4-73C0 

C.23HCC 

0.08300 

0.00465 

355. CC 

-C.47CC0 

C  .  2 1 7  80 

0.07900 

0.  00433 

356.00 

-C.440CO 

C. 15750 

C. 07400 

0 • 00^06 

358. CC 

-C.  37  ICO 

C.  15CCC 

0.06800 

0.00343 

360. CO 

-C. 28800 

C.  107C0 

C.  06400 

0.00271 

TABLE  XXXII  -  Continued 


MACH  NUMBER  v.0.30  _  .  ..  SEPVC-flRP  CEP L6CT ION  ■  -6.0 _ C6J3. 


At  PH  \ 

CL 

CC 

CM 

CMC 

0.0 

-C.il CCO 

C.C1CCC 

0.03570 

0.00162 

1.00 

O.C 

0  . CO 5  80 

0.03600 

0.00131 

2.00 

C.105CC 

C. 00520 

0.03650 

0.00104 

3.00 

C.213CC 

c.coesc 

0.03700 

0.00077 

4.00 

C.  32  2  CO 

C.C05CC 

0.03700 

0.00050 

5.00 

C.43CCC 

C  .  CO <3  50 

0.03700 

0.00022 

6.  00 

C.540C0 

C.C1C20 

C. 03700 

-0.00004 

7.00 

C.650CO 

C.C 1 2  CO 

C. 03650 

-0.00036 

8.00 

0. 756C0 

C.C1430 

C. 03600 

-0.00063 

9.0c 

C.863C0 

C.C 1 820 

0.03590 

-0.00090 

10.00 

C.57CCO 

C.C2310 

0.03500 

-0.001 l 7 

11. 00 

1  .C9000 

C.C  3  2  20 

0.03240 

-0.00144 

12. 00 

1.17800 

C  .  C  '4  5  2  C 

0.02600 

-0.00172 

13.00 

1  • 24 l CO 

C.C6C60 

C. 01550 

-0.00149 

14.00 

1  .  lOOCO 

C.C75  ?C 

0.00  300 

-0.OC226 

16. CO 

O.44CC0 

C.  15CCC 

-0.02950 

-O.OC28C 

20.00 

C.530C0 

C.3CCCC 

-C. 05850 

-0.00402 

30.00 

l.COOCC 

C.59CCC 

-C.  14550 

-0.00677 

50.00 

1.270CC 

1.205C0 

.  -C.  338  JO 

-0;01 151 

65.00 

C.850C0 

1.71 3  CC 

-0.43100 

-0.01336 

80.00 

C . 4 1 4CC 

1.548C0 

-0.50400 

-0.01544 

SO. 00 

C, 100CC 

2.CCCCC 

_  -C. 53500 _ 

_r0,0  1581 

ICO. 00 

-C.220C0 

1.580CO 

-C. 56000 

-0.01535 

110.00 

-C.520CO 

1 .676CC 

-C. 56500 

-0.01422 

1 3  C . 00 

. -C. 55500 

1.433CO 

_-C.  54500 

_-0.0  1  129 

162. CO 

-C.540C0 

C  .  20  2 CO 

-C. 30000 

-0.00406 

170. CO 

-C.78C00 

C.181C0 

-C. 34000 

-0.00203 

.  1  75.  00... 

_ - C . 52  CCO  . 

C.C67C0  -C. 30000 

_ -_0.  00068__ 

180.00 

-C.IOOCO 

C.C20C0 

C.OIOOO 

C.  00C68 

166.00 

C.400CC 

C.C4  7CC 

C. 35400 

0.00208 

142.00 

C.770C0 

C.155C0 

C. 34800 

0.00339 

2C0.00 

0.64CC0 

C.28CC0 

C. 31800 

0.00497 

230.00 

C.58OC0 

1.35  3C0 

C. 57800 

0.01075 

2(0,00 

C.260CC 

1.S58CC 

0.57400 

0.01535 

270.00 

-C.C5CC0 

2.C0CC0 

C. 54000 

0.01603 

280.00 

-0.37CCC 

1 .57CCC 

C. 50000 

0.01581 

3C0. 00 

-C.5200C 

.  1.665C0 

C. 33800 

0.01377 

330.00 

-C.S6CC0 

0.688C0 

0.13600 

0.00804 

344. oo 

-1.220C0 

C.230CC 

0.03400 

0. 00560 

348.00 _ 

-1.216C0 

C.  1  2  5  7C 

__  0.02650 

0.00483 

340, 00 

-1.  175C0 

c.coesc 

C. 02600 

0. OC  4  56 

350. CC 

-1.11 5C0 

C.C746C 

0.02600 

0,00433 

351. CO 

-1.C43C0 

C.C545C 

C. 02620 

0,00406 

352.00 

-C.56OC0 

C.C3650 

0.02680 

0.0C384 

354. OC 

—  C.773CO 

C. 01880 

0.02900 

0. OC  32  5 

355. 00 

-C.665CC 

C.C154C 

C. 03000 

o.oc2se 

356, CO 

-0.554C0 

C. Cl  350 

C. 03 100 

0.00271 

350. CO 

-o.  vi  ore 

C. 01  ICO 

C. 07400 

0.00217 

360. CO 

-c.ucco 

C.C  1CC0 

0.03570 

0.00162 

TABLE  XXXII  -  Continued 


MACH  NUMBER  *  C.45 

SEPVC-FLAP  CEFLECtlON  ■  -5.0  DEG  J 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

-C.C80CO 

0.01150 

0.03380 

0.00190 

1  .00 

C.C33CO 

C. Cl  1  20 

0.03500 

0.00158 

2.00 

C.  150C0 

C.C1  ICC 

0.03630 

0.00121 

3.00 

C.275C0 

C. 01050 

0.03600 

0.00099 

4.00 

C.393CO 

C.CIC3C 

C. 03850 

0.C0C68 

5.00 

C.52CC0 

C.01C50 

0.03950 

0.00C41 

6.00 

C.64CCC 

C. Cl  ICO 

Q. 04000 

0.00009 

7.00 

C.  75RC0 

C. Cl  220 

C. 04040 

-0.00018 

H  «  0  0 

C.880C0 

C.C145C 

C. 04060 

-0.00050 

9.  00 

1.0000 

G.C177C 

0.  04060 

-0,00077 

10.00 

I.C9CC0 

C  .02260 

C.  04050 

-0.00108 

11.00 

1, 1 4  5  CO 

C.C305C 

0.04000 

-0.00135 

12.00 

l. 100CC 

C.C45CC 

0.02400 

-0.00167 

13.00 

1.C10C0 

C.C85C0 

-0.02400 

-0.00199 

14.00 

C.  96  7 CC 

C.  12PCC 

-C. 05300 

-0.00226 

16.00 

C.93PCO 

C.  19250 

-C. 07300 

-0.00284 

20.00 

C.938CO 

C  .  22CCC 

-C.90C00 

-0. 0C402 

30.00 

I.C1CC0 

C.644C0 

-0.18100 

-o.oo6  n 

50.00 

1.20PC0 

1.41  2C0 

-0.35800 

-0.01197 

65.0  0 

0. 65CCO 

1  .aocco 

-C. 44500 

-0.01445 

80.00 

C.414CC 

2.C1CC0 

-0,51600 

-0.01594 

50.00 

C.  10OC0 

2.  CfcCCC 

-C.S5000 

-0.01626 

ICO. 00 

-C. 22000 

2.0ICC0 

-C.  57400 

-0.01581 

110.00 

- C . 52  OCO 

1.895CC 

-C. 58000 

-0.01462 

1 30.00 

-C.S54C0 

1.482C0 

-C. 55500 

-0.01161 

162.00 

-C.540C0 

C . 3 1 3CC 

-C. 29500 

-0.00429 

170.00 

-C. 7  8  OCO 

C.  197CC 

-C. 30500 

-0.00203 

175. CO 

-C.520CC 

C.C81CC 

-C. 27500 

-0.00068 

1 80. 0 J 

-C.  1  >oco 

C.013C0 

C.O 1000 

0.0C077 

166.00 

C.40CC0 

C.C60CC 

C. 27500 

0.00226 

102.00 

C. 77CCG 

C.  172CO 

C. 33000 

0. 00370 

2  CO, 00 

C.64CC0 

C.306CC 

C. 32000 

0.0054 1 

230.00 

C. SflOOO 

1 . 422C0 

C.  59000 

0.01124 

260.00 

C.26CC0 

1 .992C0 

C, 59300 

0.01562 

270.00 

-C.C50CO 

2.C56C0 

0.55500 

0.01626 

280.00 

-C. 370C0 

2.04CC0 

0,51200 

0.0)608 

300.00 

-C.S20C0 

1.765CC 

C, 40400 

0.01400 

330. CO 

- C . 56  OCO 

C.753CC 

C. 15500 

0. OC822 

365. OC 

-1  .C40CC 

C.26CC0 

C. 07200 

0.00614 

348. CC 

-1.20000 

C.  18  3  50 

C. 05000 

0.00542 

349.00 

-1  .  190CC 

C.  149C0 

C. 03000 

0. 0C510 

350.00 

-1.  16CC0 

C.  108C0 

0.02100 

0. 0C483 

351.00 

-1.10000 

C.C74CC 

0.01950 

0.00456 

352.00 

-1.C30C0 

C.C4860 

C.01950 

0.00429 

364. CC 

-C. PI OCO 

C.C2230 

C.  02 100 

0.  0C370 

354. OC 

-C.69CC0 

C  .  C  1 6. 6  0 

C. 02300 

0.00339 

356. CC 

-C.57CCO 

C.C  l  460 

0.02500 

0. 0C3C  7 

3  5 H. CC 

-C.33CCO 

0.01220 

C.O 3000 

0. 0024  8 

36.0.  00 

-C. C80C0 

C.C  1  1  60 

C. 03330 

0.0019C 

205 


TABLE  XXXII  -  Continued 


MACH  NUMBER  *  0.65 

SERVC 

-FLAP  CEFLECTIQN  -  *5,0  DEG 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

-C.C5300 

C. 01250 

C. 03300 

0.00253 

1.00 

C.C7200 

C.Ol 2  10 

C. 03800 

0.0021 7 

2.00 

C.20SCC 

C.C1260 

C. 0*200 

0.00181 

3.00 

C .  3* 0 C C 

C. Cl  3*0 

0.0*6 no 

0.001** 

A. 00 

C. *72  CO 

C.C 1*20 

,C. 05000 

o.ocioa 

5.00 

0.695C0 

C.C158C 

C. 05200 

0.00068 

6.00 

C.69t  CO 

C.C1650 

C. 05100 

0.00027 

7.  00 

C.750C0 

C. 02  2  30 

0.05100 

-C.OCOl 3 

C.788C0 

C.C29CC 

C. 0*500 

-0.0005* 

9.00 

0. 81 3C0 

C.C3850 

0.02500 

-0.00090 

10.  30 

C.  6  3  3  CO 

C  .C5C  2C 

C.O 

-0.00131 

11.00 

C. 85 1  CO 

C. 06860 

-C. 01500 

-0.001o7 

12.  00 

C. 677C0 

C.C9A  ?C 

-C. 03100 

-0.00208 

13.00 

c. eaoco 

C.  13000 

-0.0*500 

-0.00239 

1A.00 

C. 69200 

C.  lfcCCO 

-C. 05600 

-0.00275 

16.  00 

C.si 700 

C  .  2 l *  5C 

-0.07500 

-0.0C3*e 

20.  00 

C.S66C0 

C.  36  5CC 

-C. 10600 

-O.OCA79 

30.  CO 

1.CA200 

C.710CC 

-C. 2*000 

-0.00772 

50.  OC 

1.20OC0 

1 .  5 1 CCC 

-C. 39500 

-0.01237 

65.00 

C.650CO 

_  1.902C0 

- C. *  7500 

-0. 01*55 

SC.  CO 

0.  A  1  <iCO 

2.11 5CC 

-C. 53800 

-0.01671 

SO. 00 

C.  100C0 

2. 163CC 

-0.57000 

-0.01716 

ICO. 00 

-C.220CO 

2. 11 5CC 

-C. 59500 

-0.01671 

1  10. 00 

-C.520CO 

2.C00CC 

-C. 61000 

-0.01558 

1 30.00 

-C.SS5CC 

l .566C0 

-0. 57600 

-0.0  1  15  7 

1 62. 00 

*  C . 5*  CCO 

C.A20CQ 

-C. 23500 

-0. 00**2 

17C.00 

-C.  780CCI 

C.218C0 

-C. 26800 

-0.00203 

1 75.00 

-C. ‘7CCC 

C.CS7C0 

-C. 2 1000 

-0.90CA5 

180. CO 

-C. lOOCO 

C.C2CC0 

C.OIOOO 

0. OC  108 

166. CO 

C.  AOOCO 

C.C7SCC 

C. 19500 

0.002*0 

1S2. 00 

C.  770C0 

C.18CCC 

C , 30 300 

0.0038* 

2  CO, 0  C 

C . 6*  CCO 

C.3*7CC 

C. 32*00 

0.0C56* 

230. OC 

C, 98000 

1.520CC 

0.6C800 

0.01156 

260.00 

C.260C0 

2.  icccc 

0.O2800 

0.01639 

270. 00 

-C.C50C0 

2.156CC 

C. 59600 

0.01720 

260.00 

-C.370C0 

2.  1*CCC 

C. 55500 

0.01680 

SCO. CO 

•*0.92000 

1.87CCC 

C.AA  300 

0.01*36 

330.00 

-C.S60C0 

C.7S6CC 

C. 20300 

0. 0C853 

3*5.00 

-C.S2000 

C.200CC 

0.09800 

0.0C691 

3*8,00 

C  •  (?  fl  0  C  v'» 

C.22SAC 

C. 07200 

O.OC628 

3*9.00 

- C . 66  8  CO 

C. 21150 

0.06900 

0.0061* 

350. OC 

- C . 852  CO 

C. 19 1  CO 

C. 06500 

0.00582 

351.00 

-C.838CO 

C.  16  8  20 

C. 05500 

0.00555 

352. OC 

-C.820C0 

C.13S3C 

C. 05000 

0. OC52e 

3 6*. CO 

-C.750C0 

C.C7*  1C 

0.03*00 

0.00*7* 

368.00 

-C.6HOCO 

C  .  C*  6  6  C 

C. 02000 

O.OCA38 

356. CC 

-C.58CC0 

C.C3  1  CO 

0.01600 

0. 00*06 

35e.  CC 

-0.320C0 

C.C166C 

C. 02*00 

0.00330 

360. 00 

-C.C8300 

C.0125C 

C. 03300 

0.0025? 
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TABLE  XXXII  -  Continued 


MACH  NUMBER 

■  C.8C 

SfPVC-FLAP  CEFIECTION 

»  -5.0  OEG 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

-C. 10CCO 

C.C6AC0 

0.03000 

0. OC  1 76 

1.00 

C.120C0 

C.CAA50 

0.02300 

o.ooioe 

2.00 

C.103CC 

C.C31CC 

C.02AOO 

0.00050 

3.00 

C. 251  CO 

C.C2580 

C. 00500 

-0.00023 

A. 00 

C .  302  CO 

C.C  2  5  7C 

-C. 00500 

-0.00C77 

5.00 

C.350CC 

C.0315C 

-O.OIAOO 

-0.00121 

6.00 

C.AOCCO 

C . 0 A  3  AO 

-0.02100 

-0.00167 

7.00 

C. AAOCO 

C.C5760 

-0.02700 

-0.00212 

8.00 

C. AH6C0 

C.C7CCC 

-C. 03200 

-0.00253 

9.00 

C «  52  rt  CO 

C.C«ACC 

-C. 03700 

-0.00293 

1C.0C 

C.567C0 

c.coqeo 

- C . 0 A  200 

~0  .  n  0  3  30 

11.00 

C. 60200 

C.  11620 

-0.OA7OO 

-0. 00366 

12.00 

C.6ACC0 

C.135C0 

-0.05500 

-0.00A02 

13.00 

C. 67300 

C.  1  5  A  CO 

-C.0  7100 

-O.OCA33 

1  A.  00 

0. 71 OCO 

C  «  1  7  A  C  C 

-C. 09800 

-0.00A65 

lfc.CO 

C.  7 7  0 CO 

C.216C0 

-C. 1  AAOO 

-0.00528 

20.00 

C.fioilCO 

C.  39AC0 

-0.21500 

-0.0C6A6 

30.00 

1.02 OCO 

C.750CC 

-0.28700 

-0.00917 

50.00 

1.200CC 

1.510C0 

-e. A  2 200 

-0.0  1  33C 

65.00 

C. 65  0  CO 

1 . 5  A  C  C  C 

- C.  50  70 J 

- C.0160C 

eo.  oo 

C. Al ACO 

2.215CC 

-C.  57300 

-0.01780 

so.oc 

C. 13000 

2.28CCC 

-C.  6-3  700 

-0.01810 

ICC. CO 

-C. 22000 

2.262C0 

-C. 6 3000 

-0.0  176C 

110.00 

-C.520CC 

2  .  1  5  a  c  C 

-C.  6 A 0 0 0 

-O.C  1650 

130.00 

-C.855C0 

1.666C0 

-C.60C00 

-0.0126C 

132.00 

-C.5A0CC 

C.A6CCC 

-C. 25COO 

-0.00A50 

l VC. CO 

-C. 73000 

C  .  2  2  8  C  C 

-c.  i  6  no 

-0.002CC 

175.00 

-C. 52 OCO 

C.C96C0 

-C. 07500 

-0.00030 

1 60. OC 

-C. 10GCO 

C  .  C  3  C  C  C 

C.O 1000 

0. 0C12C 

166.00 

C.AOCCO 

C.C68C0 

0. 1 1500 

0.00290 

152.00 

0.77OC0 

C.21CCC 

C.  21500 

0.00A50 

2C0.00 

C.6ACC0 

C.A33CC 

0. 33200 

0.00650 

230.00 

C. 98000 

1.6OCC0 

C.  6  3  200 

0.01320 

260.00 

C.260CO 

2.2ACCC 

C.65C00 

0.01760 

270. CO 

-C.C50CC 

2.23CC0 

C. 62000 

0.01810 

280.00 

-C. 370CO 

2.226CC 

C.  58000 

0.  0  1  7  7  C 

3C0.00 

-C.820C0 

1.896 CC 

C. A  7  800 

0.01520 

330. 00 

-C.56CCC 

C.850CC 

0.25700 

0.00970 

3a5. CO 

-C. 700C0 

C.32CCC 

C.  1  2300 

0.0C65C 

3Ah. CO 

-C.62CC0 

C.30CCC 

C. 13100 

0. 0057  3 

3A9. OC 

-C.5OCC0 

C.  283CC 

0.09  A 00 

0.  0  C  5 A  2 

350. CC 

-C.562C0 

C.  265  50 

C. 08700 

0. 005 1  5 

351 .OC 

-C.532CC 

C.2A6CC 

C. 08000 

O.OOA88 

352. CC 

-0.50200 

C  .  2  2  6  C  C 

0.07500 

0.  CI0A6  1 

35A.CC 

“  C  •  C  C  0 

C.166  5  C 

C. 06  300 

0.0CA02 

355. CC 

-C.M  3  CO 

C.  166C0 

C. 05600 

O.OC37C 

356. CC 

-c. 360CC 

C.  1  A5C0 

0.05300 

0. OC  3  39 

356.03 

-C. 295C0 

C  .  1  0  2  C  0 

0.0  A  700 

O.OC271 

3cO. CC 

i _ 

-  c .  l  c  rr  c 

C  .  C  6  A  C  0 

0.03003 

0 . 0  C  1  7  6 

TABLE  XXXII  -  Continued 


MACH  NUMBEP 

«  0.  3C 

5EPVC- 

FLAP  GF  f 1 ECT 1QN 

,._0.C  „DL£. 

ALPHA 

CL 

CO 

CM 

CMC 

0.0 

C.130C0 

C. 1  0650 

-C.OIOOO 

0.00036 

1.00 

C.26CCC 

C.C  660 

-0.01000 

0,00009 

2.0C 

C. 365C0 

C.C! "CC 

-c.oiooo 

-0.00018 

3.0C 

C . 6  5?  f  0 

c  .cic  io 

-c.oiooo 

-0.00065 

A.  00 

C.  59.900 

C.C1 1  'C 

-o.oiooo 

-O.OCC77 

6.00 

C.663C0 

C.C1U0 

-c.oiooo 

-0.00969 

6.00 

C. 770CO 

C.C126C 

-C.OIOOO 

-0.  OC 1 3  1 

7.  00 

0,  08100 

C. 01620 

-C.OIOOO 

-0.00158 

P.  CO 

C. 63660 

C .C16F0 

-c. 91000 

-0.001P5 

0.  00 

I.C90C0 

C. 02120 

-C.OIOOO 

-0. 0 C  ?  1  2 

10.  00 

1  .  1  9  7  r  c 

C  .C277C 

-C. 01060 

-O.OC239 

11.00 

1.  3 38  CO 

C  .  C  ’  ?  7  C 

-C. 01290 

-0.00266 

12.00 

1.  390.CC 

C  .C6  1  CC 

-C. Oltoo  . 

-0.00293 

13.00 

1 . 205C0 

C  .  0  6  7  6  C 

-9.02750 

-0.00  32  l 

16.00 

l .  C'.oro 

c .  c  e  7 c  c 

-C.06  360 

-0.00368 

16.00 

C. 6S2C9 

c.  ucco 

-C. 07900  „ 

-0. 00602 

20.  00 

C. 65000 

C.JOOCO 

-C. 1 1900 

-0.00506 

30. 00 

l . ci ore 

c.uecc 

-C.  17650 

-0.00765 

60.  30 

1 . 2  0  o  C  0 

1 .  305CC 

-0.33600  _ 

-0.0118  l 

65.00 

C. 880C0 

1.71 3CC 

-C. 67110 

-0."  01306 

eo.oo 

0.61600 

1  .666CC 

-0.60600 

-0.01566 

60.  00 

0. 1 0009 

2.C90CO 

_  . -C .5 3600  __ 

-O.G  1  53  1 

lcn.co 

-C.22PCO 

1.680CC 

-C. 569,00 

-0.01535 

1 10.00 

-C.620CO 

l.«7c CC 

-C. 66SOO 

-0. 01622 

1  30.00  .  .. 

-C.655CC 

1 .63  ’CO 

-C.  86 500  __ 

-0.01126  __ 

U2.CC 

-c. 56000 

C.262CC 

-C. 33000 

-O.OC6C6 

170.00 

-C. 78000 

C  .  13  ICO 

-C, 36C90 

-0.00203 

1  76.00  .. 

-C.52QC0 

C.CcTCC 

-0.37000 

-0.0CC6P  . 

i eo.oo 

-C.  100C0 

C.020C0 

0.01000 

0.00C68 

1 e6.03 

C.60CCC 

C.C6  7C0 

C. 3 5600 

o.oo.7oe 

162.00 

C. 770C0 

C.  166CC 

C. 36800 

0.00336  ... 

2  CO. 00 

C.46000 

C.28CCC 

C. 31800 

0.00697 

230. OC 

C.680C0 

1.25’CO 

c.57eoo 

0.01075 

240. OC 

C.  260C0 

1 .688C0 

C. 57600 

0.  01  535 

270.00 

-C. C5000 

2.CCCCC 

0,56000 

0.01603 

280.00 

-C.  3  7000 

1  .  6  7  C  C  0 

0.5)090 

0.01581 

3CG.CC 

-C.  62  900 

1  .  6fc 5  C  0 

0,33800  _ 

.  0,01  377...  ._ 

330. CC 

-C.660C0 

c  .teecc 

C.  1  3600 

0.00806 

365.00 

-1  .  150C0 

C.230C0 

0.0 

0.00667 

36e.cc 

-I.C80C0 

C.  12C5C 

_ -C. 0080-9  _ 

_  .0,00366 

369.00 

-1  .C25CC 

C.C9230 

-0.00900 

0.00339 

35C.00 

-C. 66C00 

C  .  C  7  C  7  C 

-C. 00950 

0.9C312 

351.00 

-  C .  1 6  2  r  o 

C .06  760 

-C.OIOOO 

O.0C286 

352. CC 

-C.  762  CO 

C.C2P6C 

-c.oiooo 

0.00257 

356. CC 

-0.561C0 

C. 01660 

-0,01000 

0.00203 

368.00 

-C.  610CC 

C.C 1350 

-C.OIOOO _ 

0.  0  C  1  7  6 

356. CO 

-C.  31 8CC 

C.C12  1C 

-c.oiooo 

0.00169 

358. OC 

-C.C98C0 

C.Cl 1 CC 

-c.oiooo 

O.OOC9C 

369,00 

C.  13000 

C  .  C  0  6  6  0 

-0.01090 

C.OCCH 
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TTiBLE 

XXXII  - 

Continued 

MACH  NUMeEP  *  0.65 

SEPVC 

-FLAP  CEFLECTION  *  O.C  OEG 

ALOHA 

CL 

cr 

CM 

CMC 

0.0 

C.  1 9  0  CO 

C. Cl  ICO 

-c.ooeoo 

0.00050 

UOO 

C.270C0 

C.01C80 

-C. 00900 

0.00005 

2.00 

C.905CO 

C.C1C7C 

C.OOIOO 

-0.00027 

3.0C 

C.  59  9  CC 

c.cioeo 

0.00900 

-0.00068 

A.  00 

C.65CC0 

C. Cl  1  50 

C. 00800 

-0.00109 

5.00 

C.  72  0  CO 

C.C19C0 

0.00960 

-0.00150 

6.00 

C.760C0 

C. 01880 

C.OIOOO 

-O.OCl 72 

7.00 

C.79OC0 

C.C265C 

C. C0500 

-0.00208 

8.  CC 

c.ei oco 

C.C3760 

-C.OIOOO 

-0.00239 

9.  00 

C. 83000 

C.0516C 

-0.02700 

-0.00271 

10.  00 

C. 65000 

C.C7C5C 

—  C . 0  9  500 

-0.0C702 

11.00 

C.668C0 

C.C55CC 

-0.06100 

-0.0C339 

12.00 

C.  83200 

C.  139  1C 

-C. 07700 

-0.0C366 

13.  CO 

c.eooco 

C. 1652C 

-C. 08600 

-0.00397 

19. CO 

C. 91 000 

C.  19320 

-C. 05300 

-0.0C929 

16. CC 

C.530C0 

C.2365C 

-0. 10900 

-0.0C988 

20.00 

C.57CCC 

C  .  3  6  5  C  C 

_ -0 . 1 2900 

-0.00596 

30.00 

I.C53CC 

C.71CCC 

-C. 29800 

-0.0C831 

50.00 

1 . 20  0  CO 

1.51CCC 

-C. 39500 

-0.01237 

65.00 

C.PSCOO 

1.5C7CC 

-0.97800 

-0.01995 

PO.CO 

C.915C0 

2.U5CC 

-C. 53800 

-0.01671 

50.00 

C. IOOCO 

2. 163C0 

-C. 57000 

-0.01716 

ICO. 00 

-C. 22000 

. . 2. 1 l 5CC 

-C. 59500 

-0.01671 

110.00 

-C.52OC0 

2.CCCC0 

-C. 61000 

-0.01558 

1 30.00 

-C.  55  5  CO 

1.588C0 

-C. 57600 

-0.0  i  197  i 

U2. OC 

-C.59CC0 

C.920C0 

-C. 28600 

-0.00992 

1 70.00 

-C. 78O00 

C.216CC 

-C. 26POO 

-0.00203 

175.00 

- C. 52  C  CC 

C.C97C0 

-0.21000 

-0.0CC95 

1 PO.CO 

-C.  IOOCO 

C. C20CC 

0.0-000 

0.00108 

1 P6.00 

C.9O0C0 

C.C75CC 

C.  19500 

0.00298 

192.00 

C.770C0 

C. 180C0 

0. 30300 

0.0C389 

2CC.00 

0.69CC0 

C.397CC 

0.32900 

0.00569 

2  30.00 

c.saoco 

1.52CCC 

C. 60600 

0.01156 

260.00 

C.26CC0 

2 .  10CC0 

0.62800 

0.01639 

270.03 

-C.CSOCO 

2. 156CC 

0.59600 

0,01720 

280. (JO 

-C. 370CC 

2 . 19CC0 

0, 55500 

0.01680 

3C0.00 

-C.52OC0 

1 .07CCO 

C. 99300 

0.0  1936 

330.00 

_ - C • 56  0CO 

C. 755CC 

0. 20300 

0.00853 

395. CO 

-0.69900 

C , 30CCC 

C. 05900 

0.  OC 52 9 

398,00 

-C.65CC0 

0.21020 

C.O3900 

C. 00992 

399. CO 

-C. 63300 

C. 198C0 

0.02700 

O.OC915 

350. CC 

-C. PISCO 

C .  1686 C 

C. 02000 

0. OC  3  38 

351. OC 

-C.793C0 

C. 199CC 

C.OIOOO 

0.00357 

352.00 

-C. 772CO 

C.  1  1500 

-C.OOfcOO 

0.0C330 

365. CC 

-0.696CC 

C .09  7  20 

-C. 03030 

O.OC2  7  1 

359, UC 

-C, 53CCC 

9.C3CCC 

-0,02800 

O.OC235 

3  6  (. .  C  3 

-  0 . 50000 

r ,rp  1  on 

-0,02500 

0, OC 1 99 

3  5  8  .  C  0 

-0. 1900C 

C.C13CC 

-0.01600 

O.OC  12  2 

3  6.0.  CO 

C.  1 9  C  0  C 

C.C 1  ICC 

-C. OOROO 

0.00C50 
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TABLE 

XXXII  -  Continued 

MACH  NUMBER  *  C.8C 

SEPVC- 

■FLAP  CEFLECT ION  *  0.0  CFG 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

0.  145C0 

0.C221C 

-O.OOSOO 

0.00059 

1.00 

C.205CC 

n.Cl 82C 

-C. 01000 

0.0 

2.00 

C.26CC0 

C.CIOSO 

-C.02000 

-0.0GC54 

3.00 

C. 31 OCO 

C.0246C 

-0.02900 

-0.00104 

A. 00 

_ C.364CC 

C.C345C 

-C. 03700 

-0.00149 

5.00 

C. 41 OCO 

C.C4860 

-0.04200 

-0.00194 

6.  CC 

C  .  4  5  7  C  0 

C.C65  SC 

-0.04700 

-O.OC235 

7.00 

0. 50  0  CO 

0.C855C 

-0.05200 

-0.00275 

8.00 

C. 54  CCC 

C. 1C6  3C 

-C. 9 56 00 

-0.00316 

0.  00 

C. 58CC0 

C. 12560 

-0.06000 

-0.00352 

10.00 

C. 62  CCC 

C. 145CC 

-C. 07000 

-0.00384 

11.00 

C. 651  CO 

C. 162C0 

-C. 08400 

-0.0042C 

12.00 

C . e  ft  3  CO 

C. 192C0 

-C. 10900 

-0.0C452 

13.00 

C.  71  7CC 

C.20  35C 

-0.12600 

-0. OC  483 

l  A  .  J  C 

C. 748C0 

C.225  iC 

-C. 14200 

-O.OC515 

16.00 

C.800C0 

C.  26  7  30 

-C.  1  7  300 

-0.0C578 

20.00 

c.escco 

C. 3°4  CO 

-C.  2 ,7  500 

-0.0C695 

30.00 

1.C38C0 

C.75CCC 

-C. 28700 

-0.0C935 

50. 0C 

1  • 2  00  CO 

1.51CCC 

-0.' 2200 

-0.0133C 

65.00 

....  C.  85000 

1.64CC0 

-0. 50700 

_-0.0160C 

80.00 

0  •  4 1 4  CO 

2  .  2  1  6  C  C 

-0.57300 

-0.01730 

SO.  00 

C.  100C0 

2.280CC 

-C.6070D 

-0.01810 

1  CO. CO 

-C. 22000 

2.262CC 

-C, 63000 

-0.01760 

110.00 

-C. 52000 

2.154CC 

-C. 64000 

-0.0165C 

130.00 

-C. 55600 

i.tteco 

-C. 60000 

-0.0126C 

162.00. 

-C. 54CCC 

C.46CC0 

-0.25000 

-0.00450 

170.00 

-C.78CCC 

C.228CC 

-0.16300 

-0.00300 

175.00 

-C. 520CC 

C.CSPCO 

-0. O7900 

-0.0CC3C 

1PC.00 

-C. 100C0 

C.C3CC0 

C. 01000 

0.00120 

186. CO 

C.400C0 

C.C68C0 

C.  11500 

0.  0C290 

192.00 

C. 77COO 

C.210CC 

0.21500 

0,  0C450 

2CO.OO 

C.64CC0 

C.432CC 

0. 33200 

0. 0065C 

230.00 

C.  SSOCO 

1 . 6CCC0 

C. 63200 

0,01320 

260. CC 

C. 26  ICO 

2.24CCC 

C.65C00 

0.01760 

270.00 

-c.csoco 

2.280CC 

C. 62COO 

0.018  10 

280.00 

-C. 370O0 

2.228CO 

C. 58000 

0.0177C 

3C0.00 

-C. 62000 

1.096CO 

0.47800 

0.0  1520 

330.00 

-C. 66CCC 

C.850C0 

0.25700 

0.0C97C 

355. CO 

-0.66HCC 

C.32CCC 

C. 10500 

0.0C61C 

358. CO 

-0. 58800 

C  .  26 1 5  C 

0.07200 

0.  OC  52  4  . 

349. 00 

-C.  54  5  CO 

C.2435C 

0.06100 

0.00497 

350.00 

-C.522CC 

C.225CO 

0.05200 

0.00465 

351.00 

-C.49CC0 

C .  204  50 

C. 04500 

0.  0 C  4  3  3 

352.00 

-C.454C0 

C . 183C0 

0.03500 

0. OC  406 

355.00 

-C.  3floCc 

C .  1  38CC 

C.  02  ‘'OC 

0.0C9  39 

3  5  c .  0  C 

-C.  34CCC 

C.  116  5C 

C. 01 600 

0.00307 

386.00 

-c. 3  core 

C.CSOCO 

C.OIOOO 

0.00271 

358. OC 

-c.  1  7  o  C  C 

C.CSfcf C 

0. 0920(1 

0.00  1  76 

360.07 

C  .  1  4  5  c  C 

C . 0?  2  IC 

-0. 09900 

0.00059 
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TABLE 

XXXII  - 

Continued 

MACH  NjKBEfi 

.  *  0,30_ 

_ 3  e  P.v  C-f.L  A.p. .  C  E£l  *C  I J  QN 

»  5.0  C6G 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

C.36CC0 

C.C1CCC 

-0.05700 

-O.OOC86 

1.00 

C.A7CC0 

C .C 1C  20 

-0.05650 

-0.001 17 

2.00 

O.50CCO 

C.Cl  1  10 

-0.05600 

-0.0C1A4 

3.00 

0. 695C0 

C.012CC 

-C. 05550 

-0.00172 

4.  00 

0. 805C0 

C.C125C 

-C. 05500 

-0.00199 

5.00 

C.512CO 

C.Cl ACO 

-0.05500 

-0. 00226 

6.  00 

1 . C20C0 

C.Cl 550 

-0.05500 

-0.00253 

7.00 

1.  130C0 

C.C176C 

-C. 0 5500 

-0.00280 

6.00 

1.2ACC0 

C.02 120 

-C. 05550 

-0. OC  30  7 

<5.00 

1 . 252CC 

.  C.C27C0 

-C. 05600 

-0. OC  3  39 

10.00 

1 .A50CO 

c.C2c:o 

-C. 05650 

-O.OC361 

11.00 

1.530CC 

C.CA65C 

-C.060OO 

-0. OC  39  3 

12.00 

1 .500CC 

C  .  C  6  C  c  C 

-0.07000 

-0. 00A20 

13.00 

1.320C0 

C.C8CCC 

-0.09000 

-O.OOA47 

1 A  .  00 

1 .  190CO 

C. 106CC 

-C. 1 1000 

-O.OCA7C 

16.00 

C.584C0 

C. 186C0 

-0.1 3300 

-0. 00524 

20.00 

C. 56HC0 

C.  ’OCCC 

-C. 1  A  500 

-0. 0C62  3 

30.00 

l.C  1  8  CO 

C.55CCC 

-C. 19700 

-O.C0840 

50. 0C 

1.2O0CO 

1.306CC 

-0.33000 

-0.01151 

65.00 

C. 65GC0 

1 .71 3CC 

-0 . A  3  100 

-0.01286 

60.00 

C.A14CC 

1 .5APC0 

-0.  50400 

—0.01544 

,  50,00 

C.  10000 

2.C0CC0 

-0.  53500 

-0.01581 

ICO. 00 

-C.220C0 

1.S8CCC 

-C. 56000 

-0.01535 

110.00 

-C. 520CC 

1 • 0  7  6  CC 

-C.  56500 

-C. 01422 

130.00 

-C. 555C0 

1.A32CC 

-  0 . 5 A  500 

-0.01129 

162. CO 

-C.5ACCC 

C.292CC 

-C. 30000 

-O.OC406 

1 70.00 

-C. 76000 

C.ltUCO 

-C. 3  A  000 

-0.00203 

175.00 

-C.  520C0  _ 

_  C . 06  7  CO 

-C.  30000 

-0.00068  _ 

1 80. GO 

-C.  10000 

C.C20CU 

C.O 1000 

C.O0C68 

166.00 

C. AJOCO 

C.CA  7C0 

C. 35AOO 

0.002C8 

152.00 

C.  7  7  0f  0 

C. 159C0 

0.34000 

0. OC  3  25 

2  CO, 0  C 

C. tA  ICO 

C.23OC0 

0.  3 1 000 

0. 00  45  7 

230.00 

C. 58000 

1.353CC 

C. 57800 

0.01075 

260.00 

C.26CC 0. 

1.55PCC 

C.  6  7  AOO 

0.01535 

2  70.0  0 

-C.C50C0 

2 .COOt C 

0.  5AOOO 

0.01603 

200.00 

-C. 37CCC 

1 .5  7CCC 

C. 50000 

0.01581 

300,00 

-C. 520C0 

1.665C0 

0.  38600 

0.01377 

330.00 

-C. 56CC0 

C .608CO 

0.  1  3600 

0.0080  A 

345.00 

-1.C20C0 

C.23CCC 

-C.  03200 

0.0032  1 

_.3ah.OO 

-C. 520CO 

.  C.C<5620 

-C.  04  5  00 

0.00239 

345. 00 

-  C. fi A 5 CC 

C.C75AC 

-C.  04800 

0.00212 

350. OC 

-C. 73ACC 

C.C5A20 

-C. 05000 

O.OC185 

251.00 

-C. 632C0 

C.C3560 

-C. 05200 

0.00162 

352. OC 

-C. 52000 

C.C2320 

-C. 08200 

0.00135 

35A.OC 

-0. 300  CO 

C.01A2C 

-C.  05500 

0. 00C8  l 

355. CC 

-o.  uroo _ 

C.C12FC 

-C, 05600 

0. 0CC50 

?C^.CC 

-C..'3PC0 

0  .  C  1 1  6  C 

-C. 05653 

C.0C022 

358. CO 

C.  IAOC'7 

C.Cl ICC 

-C  ,  05 700 

-0.00032 

360. JO 

C  .  2  6  C  C  0 

c.ctccc 

.  -C. 05700 _ 

-0. 00086 

212 


TABLE  XXXII 


Continue- : 


MACH  NUMfiEP  •  C«  45 

SERVE- 

FLAP  CEFLECT ION 

-  5.0  DEG 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

0. 37600 

C .  COO  50 

-0.05800 

-o.ouioa 

1.00 

C.494C0 

C.01CC0 

-0.05780 

-0.00140 

2.00 

C.615C0 

C.C1C50 

-C. 05650 

-0.0C167 

3.  CO 

C.735C0 

C.C12C0 

-0.05610 

-0.0C199 

4.  JO 

C.65SC0 

C.C1450 

-C. 05600 

-0.00226 

5.0C 

C.S75C0 

o.cit  eo 

-C. 05600 

-0, OC  25  7 

6  •  CO 

1.09600 

C.C  1840 

-C. 05600 

-0.00289 

7.00 

1.20C00 

C. 02240 

-C. 05600 

-0.  0032  1 

e.oo 

1.28200 

C.C  2  6  60 

-C. 05  700 

-0.0034  e 

9.00 

1.38CCC 

C.C33C0 

-0.05800 

-0.00378 

10.00 

l. 33COO 

C.C4  34C 

-C. 09000 

-0. 004C6 

11.00 

1.25400 

C.C62CC 

-C. 10500 

-0.00433 

12.00 

1. 16500 

C. 10  7  CC 

-C. 1 1 500 

-0.00465 

13. CO 

1.06200 

C.  149C0 

-C. 1 2200 

-0.0C492 

14.00 

1 . 01  COO 

C.  18250 

-C. 12500 

-0.0C524 

16.00 

C. 870CC 

C.238CC 

-0. 13500 

-0.0C578 

20.00 

0.87CC0 

C.32CCC 

-0.16100 

-0.0C686 

30.00 

1. 047CC 

C.64  4CC 

-C. 2  3400 

-0.00917 

SO.OC 

1.20CCO 

1.4  1  3CC 

-C. 358C0 

-0.0  l  197 

65.00 

c. esoco 

1.8CCC0 

_  -C. 44600 

-0.01445 

80.00 

C.41<,CC 

2  .  C  l  CCO 

-C. 51 fcOO 

-0.01594 

50.00 

C. 1 ooco 

2.C6CCC 

-C.S5C0D 

-0.01626 

100.00 

-C.22CCC 

2.C10C0 

-C. 57400 

-0.01581 

110.00 

-C.520C0 

1.895CC 

-C. 58000 

-0.01468 

130.00 

-  C. 85  5  CO 

1.482CC 

-C. 55500 

-0.01161 

162.00 

-C.54CC0 

C  •  3 1 3CQ 

-C. 29500 

-0.0C429 

170.00 

-C.780CO 

C.197CC 

-C. 30500 

-0.00203 

175.00 

-C.52CCC 

C.C81CC 

- C. 27500 

-0.00068 

leo.oo 

-c.ioorc 

C.C13CC 

C, 01 000 

O.OOC77. 

126.00 

C. 40000 

C.06CCO 

C. 27500 

0.00226 

182. CC 

C. 770C0 

C.172CC 

C. 33OO0 

O.OC37C 

200.00 

C. 64  C CO 

C .  306 CC 

C. 32COO 

0.0054  1 

230. OC 

C. 8HOH0 

1.422CC 

C. 59000 

0.01124 

260.00 

C.26CC0 

1.S82CC 

C. 59300 

0.01662 

270.00 

-C.C5CC0 

2 .05  6  C  0 

C. 53500 

0. 01626 

280. 00 

-C.  37CCO 

2.04OCO 

0.51200 

0.01608 

3C0.00 

-C.920C0 

1.765C0 

0.40400 

0.01400 

330.00 

-C. 86000 

C.753CO 

C. 15500 

0.00822 

346. 00 

-C.S50CC 

C  .  260  CC 

-C. 02300 

0.00339 

348.00 

-C.63CCC 

C.  145C0 

-C. 07400 

0.00253 

349.00 

-C. 87CC0 

0. 1C5CC 

-C. 07600 

O.OC221 

350. CC 

-0.  790  CO 

C.C7 ICC 

-C. 07400 

0.0019C 

351. CC 

-C.70CC0 

C  •  C4  8  C C 

-0.07200 

0.00158 

352. OC 

-C. 535  CO 

0.0326C 

-C. 07100 

O.OC1 31 

334.CC 

-C. 34  8  C 0 

C. 01760 

—  C .  06 00 

0.CCC68 

355. OC 

-C.230C0 

C .  C  1  4  50 

-0.06 600 

O.OCC4 1 

3 66. OC 

-C.  lOaCC 

C. Cl  2  10 

-C. 06400 

0,00009 

368. CO 

0.  1  3200 

C.C085C 

-C. 06050 

-0. 00050 

360. CC 

C. 37uC0 

C.CC950 

-c.ospno 

-0.00103 

TABLE  XXXII  -  Continued 


MACH  NUMBER  *  C.65 

SEE  VC 

-FLAP  CEFLECTION  ■  5.0  OEC 

ALPHA 

CL 

CC 

ON 

CMC 

0.0 

C.385C0 

C.C14C0 

-0.05700 

-0.00158 

1.00 

C.616CC 

C.0133C 

-C. 05300 

-0.00190 

2.00 

C.630C0 

C.C125C 

-C. 04900 

-O.OC235 

3.00 

C.712C0 

C.C1620 

-0.04700 

-0.00271 

4.cc 

C.  75800 

C .01920 

-C. 05000 

-0. OC  30  2 

5.00 

0.78600 

C. 02470 

-0.05900 

.  -0.00339 

6.00 

C. 6Q8C0 

C.C32C0 

-C. 07100 

-0.00366 

7.00 

C. 62800 

C.C42CG 

-C. 08500 

-0.00397 

b.  00 

0.e44CO 

C.C56C0 

-0.09600 

-0.00420 

<?.oo 

C.  66CC0 

C.C675C 

-0.  10200 

-0.00452 

10.00 

C . 8  74  CO 

C.  114CC 

-C.  1  1 100 

-C. 00474 

11.00 

c.euBCO 

C.  14450 

-0. 11800 

-0.00501 

12.00 

c.sooro 

C.172CO 

-0. 12400 

-0.00524 

13.00 

C . 5 1 2  CO 

C.  196  5C 

-C. 1 3000 

-0.00546 

14.00 

C. 62400 

C.P1  f 50 

-0.  1  3500 

-0.00569 

16.00 

C. 64800 

C.256CC 

-C.  1  4  700 

-0.00614 

20.00 

C  •  6  d  0  0  0 

0. 365CC 

-C.  19100 

-0.00704 

30.00 

1.07CCO 

0. 71CC0 

-C. 25200 

-0.00899 

50.  OC 

1.20000 

1.51CCC 

-0. 39500 

-0.01237 

65.  OC 

c.e5ooo. 

.  1.6C2CC 

-C. 47500 

-0.01495 

80.00 

C. 41 400 

2 . 1 1 5CC 

-C. 53800 

-0.01671 

50.  CC 

C.  10000 

2 •  1 6  2 CC 

-C. 57000 

-0.01716 

1CO.OC 

__-C« 22  OCO 

2. 1 1 5C0 

-C. 59500 

_ --.01671 

110.00 

-C.520C0 

2.C00CC 

-0.61000 

-0.01558 

1 30.00 

-C. 655CC 

1 .58600 

-0.57600 

-0.01197 

162.00 

-C. 54  C  00 

_C  .42CC0 

-C. 28600 

-0.0044? 

170.00 

-C. 78000 

C.216CC 

-C. 26800 

-0.00203 

175.00 

-C. 52CCO 

C.C67CC 

-C. 21000 

-O.OOC45 

: ao»  oo 

_  -C. 10000 

C.C2CC0 

C.OIOOO 

0. 00  1C8 

i e6.oo 

C.  4Q0C0 

C.C75C0 

0.19500 

0.0C248 

152.00 

C.77CCO 

C.18CC0 

C. 30300 

0.00384 

200.00 

_ C.74CC0 

C  .  34  700 

C. 32400 

0.00564 

230. OC 

C.68O0C 

1 . 52CCC 

0.60600 

0.01156 

260. 00 

C.260CC 

2. 10CCC 

0.62800 

0. 0 1 639 

2  70. CO 

-C.C6O0O 

2. 156C0 

C. 59600 

_  0. 01 720 

280.00 

-C. 770CO 

2.  140C0 

0. 55500 

0.0168C 

3CO.CO 

-C. 620C0 

1 .87CC0 

C. 44300 

0.01436 

330. OC 

_ _ -  C  .  66CC0 

C. 755CC 

C. 20300 

_ O.OC85  3  _ 

345.00 

-C.  65400 

C. 30CCC 

0.02400 

0.00384 

34e.cc 

-C. 61 100 

C.1R77C 

-C. 02900 

0. 00290 

345. 00 

-C. 79700 

0.  167CC 

-C.04  100 

0.0C24S 

350. OC 

-C.773CO 

C.143C0 

-C. 05800 

O.OC212 

351 .OC 

-C. 73000 

C. 1 1460 

-C. 08600 

0. 001^6 

352. CO 

“C.65CC0 

C.CH3C0 

-C. 09000 

0.00140 

354, OC 

-C.42OC0 

C.C394C 

-C. 09300 

0.OCO63 

354.00 

-C. 2«5CC 

C.C26CC 

-C. C  7POO 

C. 00027 

356. CC 

-0.15300 

C. 02 350 

-0.0  7  400 

-0. OCC 1 1 

358. OC 

0.11400 

C.C1 7CC 

-C. 06600 

-0.00086 

360.00 

C. 38500 

C.r14C0 

-C. 05  700 

-0.0C158 

TABLE 

XXXII  - 

Continued 

(«ACH  NUMBF.B 

*  C.  80 

SEFVC- 

FLAP  CEFlECTtON 

=  5.0  CEG 

ALPHA 

CL 

CC 

CM 

CMO 

0.0 

C.268C0 

C.02S  10 

-C. 06000 

-O.0C054 

1.00 

C, 32  2  CO 

C.C3360 

-0.07000 

-0.00108 

2.00 

C.371CC 

C.C4250 

-0.07800 

-O.OC153 

3.00 

C.416CC 

C.C55CC 

-0.08300 

-0, OC  199 

4.00 

C.458C0 

C.C71 50 

-C. 08700 

-0.CC239 

5.00 

0.50CCC 

C.C58C0 

-0.09100 

-0.00280 

6.00 

C.540C0 

C. 12150 

-C. 09400 

-0.0032  1 

7.00 

C.577C0 

0.14450 

-0.09800 

-0.0C352 

6.  00 

C. 6 1 3  CC 

C  .  166CC 

-C.  10000 

-0.0C388 

9.00 

C. 64 7C0 

0. 1865C 

-C. 10600 

-0.00420 

10.00 

C.6  78CO 

C.2066C 

-C. 1  1500 

-0.00452 

11.00 

C. 708  CO 

C.  2265C 

-C. 13200 

-0.00483 

12.00 

C.739C0 

C.2455C 

-C. 14500 

-0. 0C510 

13.00 

C.  76  3  CO 

C. 26480 

-C. 15800 

-0.0C542 

14.00 

C. 79 1  CO 

C.2836C 

-C. 17100 

-0. 0  C  5  6  5 

16.00 

C. 84  0  CO 

C. 32 1 3C 

-C. 19500 

-0.00623 

20.00 

C. 926, CO 

C. 354CC 

-C. 23900 

-0.00731 

30.00 

1.C53CC 

C. 75CCC 

-C. 28700 

-0.00966 

50.  0C 

1 . 200  CO 

1.51CCC 

-C. 42200 

-0.01330 

65.00 

C. 85  ICO 

1.54CC0 

-C. 50700 

-0.0160C 

80.  00 

C. 51  ACC 

2.215CO 

-C .  5  7  3 00 

-0.01780 

SO. 00 

C.  100C0 

2.28CCO 

-0.60700 

-0.01810 

1 CC.OO 

-C.220C0 

2.262CC 

-C. 63000 

-0.01 7oC 

110.00 

-C.520C0 

2.  154C0 

-C. 64000 

-0.0165G 

130.00 

-C.S55C0 

1.666C0 

-C. 60000 

-0.01260 

162.00 

-C.540C0 

C.460C0 

-C. 25000 

-0.0C45C 

170.00 

-C.780C0 

C.228CC 

-C. 16300 

-0.00200 

175.00 

-C.520CC 

C.C9PC0 

-C. 07900 

-0.00030 

180.00 

-c.  loom 

C.C3CC0 

C. 01000 

0, OC 1 20 

166.00 

C.490CC 

C.C6PCC 

C. 11500 

O.OC29C 

192.00 

C.770C0 

C.21CC0 

C. 21500 

0. 00450 

200.00 

C.64CC0 

C.433C0 

C. 33200 

O.OC65C 

230.00 

C. 58000 

1 .60CCO 

C. 63200 

0.01320 

260.00 

C . 26  0  CO 

2.240C0 

C. 65000 

0.01760 

270.00 

-C.C50C0 

2.28CC0 

C. 62000 

0.01810 

280.00 

-C.370CO 

2  .  22  f CO 

C. 58000 

0.0177C 

3C0.00 

-C. 52000 

1.896CC 

0.47800 

0.01520 

330. OC 

-C.560C0 

C.65CC0 

0.25700 

O.OC57C 

345.00 

-O.635C0 

C.  32CCO 

C. 08300 

0,00582 

348.00 

-C.54CC0 

C.2074C 

0.04200 

0.0C452 

349.00 

"0.503CC 

C.  1  86  2C 

0.03000 

0.0C461 

350. CC 

-0,47000 

C. 1654C 

C. 01900 

0.00425 

351. OC 

-C. 43500 

C.  145C0 

C.  00  700 

0.00393 

352. CC 

-C.396C0 

C. 127CO 

-0.00300 

0.00357 

354,00 

-0. 31 3  CO 

C.C55CC 

-0.02300 

0.00271 

359. OC 

-C.262C0 

C. CSC  30 

-C. 03200 

0.00230 

356. CC 

-0 « 20  fcCO 

C.C677C 

-0.94600 

0.0C18 1 

3  SH. OC 

0. 1G0C0 

C.C4A6C 

-C. 05200 

0,00068 

360. 00 

C.26HC0 

C.C25  10 

-C. 06000 

-0,00054 
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TABLE  XXXII  -  Continued 


MACH  NUMflfS 

*  0.30 

S6FVC- 

FLAP  re.FJ.64T  ION 

*_lCj_Q _ CEQ 

ALPHA 

CL 

CC  _ 

CM 

CMC 

_  .  _  _ 

C.O 

C.605CO 

0.01  ICO 

-0. 10400 

-0.00212 

1.00 

C. 720CC 

C.C12C0 

-C. 10400 

-0.00239 

2.00 

C.E26C0 

C. Cl  280 

-C. 10380 

-0.00266 

3.00 

C.640C0 

C.014C0 

-C. 10350 

-0. 0029  2 

4.00 

1.C48C0 

C.ot  f  1C 

-C. 10300 

-0.00321 

5.00 

1.  160CO 

C. Cl  750 

-C. 10300 

-0.00348 

6.00 

.  1.275C0 

C.C2OC0 

-C. 10300 

-0.00375 

7.00 

l. 3AOCO 

C. 02330 

-0.10400 

-0.00406 

8.00 

1 . 480  CO 

C.C277C 

-0.10500 

-0.00423 

9.00 

1.564CC 

C.C34CC 

-0. 10700 

-0.0046 1 

10.00 

1 .62000 

C.C42C0 

.  -C. 11000 

-0.00488 

11.00 

1.565C0 

C.C56CC 

-C. 11600 

-0.00515 

12.00 

1.456CC  . 

0.07  1  40 

... -C.  12600. _ 

-0.00542 

13.00 

1.32CCO 

0.05250 

-0. 1 3500 

-0.00565 

14.00 

1.2O0C0 

C.  125C0 

-C. 15100 

-0.00591 

16.00  _ 

1  .C33CO 

C . 2 1 4  CO 

-0.16900 

-0.00646 

20.00 

C. 64  A CO 

C. 300CC 

-C. 1 P200 

-0.00741 

30.00 

1.C63CC 

C.59CCC 

-C. 22500 

-0.00939 

50.  OC 

1.20CC0 

1.305CC 

__-0.33e00  01151 _ 

65.00 

C. 65000 

1.712CC 

-0.43100 

-0.01386 

80.00 

C.414C0 

1.54600 

-C. 50400 

-0.01544 

90.00  . 

C. 10000 

2.C0CC0 

_ -0. 53500  _ 

-0.01581 

ICC. 00 

-0.220 CO 

1.58CC0 

-C. 56000 

-0.01535 

1 10.00 

-C.520C0 

1.876CC 

-C. 56500 

-0.01422 

130.00 

-C. 55500  . 

1.433CC 

..  —  C  .  5  4  500 _ 

-TO. 01129 

162.00 

-C.540CC 

C.292C0 

-C. 30000 

-0.00406 

170.00 

-C. 78OC0 

C.181CC 

-0.34000 

-0.00203 

_  1 75,00 

-C.52C0C  ' 

C.C67CC 

_ -0.30000 

.-0.OC066  _ 

1 80. 00 

-C.  1O0CO 

C.020CC 

C.OiOOO 

0.00068 

i e6.co 

C.400C0 

C.C4  7C0 

C, 35400 

0.0Q2C  : 

152.00 

C.77CCO 

C.  155CC 

C. 34600  _ 

0.003^5 

2C0.00 

C.64CCC 

C.28CC0 

0.31800 

0.00497 

230.00 

C. 58000 

1.34’CO 

0,57800 

0.01075 

260.00 

C. 26000 

1.556C0 

0.57400 

0.01535 

2  70.  00 

-0.C50Q0 

2 .  core  o 

C. 54000 

0.01603 

260.00 

-C. 37CCO 

1  .570CO 

C. 50000 

0.01581 

3  CO. 00 

-C.520C0 

1.665C0 

_ _  0, 33800  _ 

_ Q»  01  3  7  7 _ 

330. CO 

-C.560C0 

C.688C0 

C.  13600 

0. 00804 

345.00 

-C. 53000 

C.23CC0 

-C. 08000 

0.00203 

34  A.  CO  _ 

-0.70000 

0.C83CC 

-0.00400 

_  0»  0  C  1  2  2 _ _ 

340. oc 

-C.610CO 

C.C626C 

-C. 09600 

0.00095 

3  60. OC 

-C.6'.0C0 

C.C4370 

-C. 09800 

0.00068 

351. CC 

-C.3360C 

C.C2A20 

-0.09900 

0.00041 

352. OC 

-C.279CO 

c.cioeo 

-C. 10000 

0.00CC9 

354. CC 

-C.C54CC 

C.C13CC 

-C. 10200 

-O.OC  45 

355. OC 

0.C55CC  _ 

C.C12CC 

-C. 10300 

_-  0 . 0  C  C  7  2 

356. CO 

0.  16  700 

c.cutc 

-0. 10400 

-0.00C99 

368.00 

C. 33600 

C.C11CC 

-0. 10400 

-0.00153 

36C. 00 

0. 605CC 

C.C1 ICC 

-0. 10400 

-0.00212 

216 


TABLE  XXXII  -  Continued 


MACH  NUMBER 

«  0.45 

SfPVC-FLAP  CEPLECTICN  ■  10. 0  CEG 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

C.61CC0 

C, Cl  140 

-C. 10700 

-0.00257 

1.00 _ C.  72  7C0 

0.C1220 

-C. 10600 

-0.00284 

2.0C 

c.e45cc 

C.C14CC 

-0.10570 

-0.00312 

3.0C 

C.568C0 

C.C1630 

-C. 10450 

-0. OC  34  3 

4.00 

1.C87C0 

C.C1570 

-C. 10400 

-0.00370 

5.00 

1.2 10C0 

C.C23C0 

-0.10380 

-0.00402 

6.00 

1 • 3 1 4  CO 

C.C27C0 

-C. 10340 

-0.00433 

7.  00 

1 .405C0 

C.C32CC 

-C.. 10330 

-0.30461 

8.00 

1.460CC 

C.C4CCC 

-0.10230 

-0.00488 

9.00 

1.455CC 

C.C52CC 

-C. 13400 

-0.0C515 

IC.OC 

1 . 374CC 

C.C72C0 

-0. 1 3600 

-0. OC  5  42 

11.00 

1.275CO 

C.117CC 

-0.15100 

-O.OC565 

12.00 

l. 180C0 

C.  161C0 

-C. 16000 

-0.00556 

13.00 

1.C93C0 

C.  1 9  4  CO 

-0.16750 

-0.00623 

14.00 

1 .C30C0 

C.22CCO 

-C. 17300 

-0.0065C 

1  6.  CO 

C.597C0 

C.267CC 

-0. 19400 

-0. CC7CC 

20.00 

C . 5  8  7 CO 

C.32CCC 

-C. 23700 

-0. 00745 

30.00 

1  .C65CC 

C  •  644  CO 

-0.26*00 

-0.01000 

50. OC 

1.200C0 

1.41 2CC 

-C. 35800 

-0.01157 

.  65.00 

C. 85000 

l.f-Orcc  ... 

-C. 44  500 _ 

-0.01445 

BO.  CO 

C.414C0 

2.C10CO 

-C. 51600 

-0.01554 

50.  CC 

C.lOOCn 

2.C60CC 

-0.55000 

-0.01626 

ICO. 00 

-C.220CO 

2.010CC 

-C. 57400 

-0.01581 

110.00 

-C.52OC0 

1.P55CC 

-0.58000 

-0.01468 

130.00 

-C.555C0 

1.482C0 

-0.55500 

-0.01161 

162.00  _  . 

-C.540CC 

C.313CC 

-C. 29500 

-0.00429 

1 70.00 

-C.780C0 

C.197C0 

-C. 30500 

-0.00203 

175.00 

-C.52OC0 

C.C81C0 

-0.27500 

-0.00C68 

180.00 

-c. toner 

C.C1 3C0 

C.PIOOO 

O.OCC77 

let.co 

C.400CC 

C.C6CCC 

C. 27500 

0.00226 

152.03 

C.77CC0 

C. 1 72  CO 

C. 33000 

0.00370 

2C0, OC _ 

C.64CC0 

C.306CC 

C. 32000 _ 

0.O0541 __ 

230.00 

C. 59000 

1.422CC 

C. 59000 

0.01124 

260.00 

C.26CC0 

1.592CC 

0.59300 

0.01542 

270.00 

-C.C5OC0 

2.C56CC 

0.55500 

0.01626 

260.00 

-0.37OC0 

2.C4CCC 

0.51200 

0.01608 

3CO.OO 

-C.5200C 

1.  765CC 

C. 40400 

0.014CO 

330.00 

-C.560C0 

0.753CC 

C. 15500 _ 

0.00822 

345.00 

-0.68300 

C.26CCC 

-C.  10300 

0.00199 

348.00 

-C.770C0 

C.  12  ICO 

-0.12200 

0.00108 

345. CC 

-C.686C0 

C.C85C0 

-0.12100 

O.OCC77 

350.00 

-0.590CC 

C.C51C0 

-0.  11900 

0.00045 

351. OC 

-C.478C0 

C.C356C 

-0. 11800 

0.00018 

352, OC 

-C.355C0 

C.C266C 

-0. 11600 

-0.00013 

354.00 

-0. 116C0 

C  .Cl  550 

-0. 11400 

-0. OCO  7  2 

355. OC 

C.C05C0 

C.C1  3C0 

-0. 11200 

-0.00104 

356. OC 

C.  125C0 

C.C1130 

-C.  1  1  100 

,_-0. 00131 

358.00 

C.365CO 

C.C1C  10 

-0. 13900 

-0.00194 

.  360.00 

C*  6 1 OCO 

C. Cl  140 

-0. 10700 

-0.O0257 

TABLE  XXXII  -  Continued 


MACH  NUMBER 

•  C,  65 

SEPVC-FlAF  C6FLECT10N 

•  10.0  OEG 

ALPHA 

CL 

CC 

CM 

CMC 

0.0 

C.60CC0 

L.C182C 

-C. 11000 

-0.00370 

1.00 

C.6S2C0 

c.oieco 

-0.106O0 

-0,00406 

2.00 

C • 750CO 

C.C2CC0 

-C. 10400 

-0.0C4  3  3 

3.00 

C.780C0 

C.C235C 

-C. 10800 

-0.00465 

4.CC 

C.808C0 

C.02S  1C 

-0.11900 

-0.00492  ! 

5.00 

C.828C0 

C. 03770 

-c. i2eoo 

-0.00519 

6.00 

C. 85200 

C.C5SC0 

-0.13600 

-0.0C546 

7.00 

C. 86000 

C.665C0 

-0.14100 

-0.0C56S 

8.00 

C ,  6  72  CO 

C.S2CCC 

-C. 14400 

-0.0C5S 1 

5.00 

C.889C0 

C.  1 1 850 

-C. 15000 

-0.00614 

10.  CO 

C. SO  100 

C.  15S50 

-C. 15400. 

-0.0C6  32 

11.00 

C.S15C0 

C.  17700 

-C. 18700 

-0.00655 

12.00 

C.S27C0 

C.202C0 

-0.16100 

-0.00673 

13.00 

C.S38T0 

C.223C0 

-C. 16500 

-0.00691 

14.00 

C.S58C0 

C.2A2CC 

-C. 16900 

-0.00713 

16.00 

C.969C0 

C.  27750 

-C. 17800 

-0.00745 

20.00 

1.C07C0 

C.365CC 

_-C> 19S00 

-O.OC3C8 

30.00 

1. C86C0 

C.71CC0 

-C. 24300 

-O.OC948 

50. CC 

1.200C0 

1.510CC 

-0. 39500 

-0.01237 

65.00  _ 

0  •  6  5  0  C  0 

.  1.S02C0  -C. 57500 _ 

-0.01495 _ 

80.00 

C.515CC 

2.  1 1  5CC 

-0.5  3800 

-0.01671 

SO. 00 

C.  130CO 

2.  163C0 

-C. 57000 

-0.01716 

ICO. 00 

-C.220C0 

.  2.115CC 

-C. 59500  _ 

-0.01671 

110.00 

-C.520CO 

2.COOCC 

-C. 61000 

-0.01550 

1 30.00 

-C.S55CO 

1.5P8CO 

-0.57600 

-0.01197 

162.00  . 

-C.550CC  _ 

_ C«  52CC0  __ 

_-0. 28600 _ 

-0.00442  _ 

170.00 

-C. 78000 

C  .  2  1 8  CO 

-C. 26800 

-0.00203 

175.00 

-C. 52  OtC 

C.CS7C0 

-C. 2 1000 

-0.00045 

1 80. 00 

-C.  100CO 

C.02CC0  .. 

C.OICOO  _ 

0.00108 _ 

186.00 

C. 50000 

C.C75C0 

C.  19500 

0.00248 

152.00 

C.77OC0 

C.18CC0 

0.30300 

0.OC384 

2C0.00 

C.  65000  __ 

C.357C0 

_ C.  32400  _  0.00564 _ 

230.00 

C.S80C0 

1 .52CCC 

C. 60800 

0.01156 

260.00 

C.260C0 

2.  lOOCO 

C. 62800 

0.01639 

270. CO  .  _ 

-O.C5000 

2 , 1 5 PC 0  . 

C. 59600 

_  0, 0 1 72C _ 

2eo.oo 

-C. 37000 

2. 150CC 

C. 55500 

0.01680 

3CO.OO 

-C.S20C0 

i.e7CC0 

0.44300 

0.01436 

330.00  _ 

-C.SdOCO 

C.7S5CO „  . 

0.20300 _ 

_ 0.00853 

355.00 

-C. 63000 

C.30CC0 

-C. 00900 

0.00194 

358.00 

-C. V  HCO 

C.  16750 

-C. 09000 

0.00077 

350.00 

-C. 758C0 

C.153C0 

-0. 11500 

0.0004  1 

350,00 

-C.68CC0 

C.  115  10 

-0.12700 

0.0 

251.00 

-C.586C0 

0.08380 

-0.13000 

-0.00036 

352.00 

-C.570C0 

C.C56  80 

,_-0.  13000  _ 

_7_0.  0C0  7  2 _ 

355. CC 

-0.205C0 

C.C35SC 

-C. 12700 

-O.OC149 

355.00 

-C.C70C0 

C.C28SC 

-C. 12400 

-0.00185 

2  56, CO 

C.063T0 

C.C73S0 

-C. 12200 

-0.00221 

356. CC 

C.  330C0 

C.C1S8C 

-0, l 1600 

-0.00290 

360.00 

C.60CC0 

c  *c i e  20 

-C. 11000 

-0.0037C 

TABLE  XXXII  -  Continued 


MACH  NUMBER  »  0.8C  S£PVC-FL*P  DEFLECTION  •  10«0  OEG 


ALPHA 

CL 

CC 

CM 

CMC 

0.0 

0. 362  CO 

C. 05220 

-0.09600 

-0.00117 

1.00 

C.410CO 

C.  061  <<; _ 

-C. 10100 

-0.00 162 

2.0C 

C.450CC 

C.C78C0 

-C.10600 

-0.00203 

3.00 

C.490C0 

C.1O2C0 

-0.11200 

-0.00244 

<-.00 

C.529C0 

C.132C0 _ 

-C. 11600 

-0.  0028C.  _ 

5.00 

0.568C0 

C.1563C 

-C. 1 1 900 

-0.00316 

6.00 

C.600C0 

C.  18C60 

-0.12100 

-o. 00348 

_ 7.00  _ 

C.63CC0  _ 

_ C . 206  5  0  _ 

-C. 12500 

-0.00304 

P.00 

C.662C0 

C. 22550 

-C. 12800 

-0.00411 

5.  CO 

C. 69200 

C.25C 50 

-0. 13700 

-0.0C447 

10.00 

C.721CC 

C. 76520 

,-C. 1 4900  _ 

-0. 004 74 

11.00 

C.75CC0 

C. 288  20 

'-C. 16000' 

-0.00501 

12.00 

0. 775C0 

C.2065C 

-C. 1 7 100 

-0.00528 

13.00 

c. eoi cc 

C.324CC 

-0.  18200  _ _ 

-0,00560 

1  A.  00 

C. e28C0 

C.342C0 

-C. 19200 

-0.0C56V 

16.00 

C. e72C0 

C.  37250 

-0.21200 

-O.OC64 1 

20.00 

C.55CC0 

C  .  ',94CG 

-0.24800  _ -0.00741 _ 

30.00 

I.C70CC 

C.75CCC 

-C. 28700 

-0.00975 

50.00 

1.200C0 

1.510C0 

-C. 42200 

-0.01320 

45. OC 

C.850C0 

1.54CC0 

-0.50700  _ 

_  -0.C16CC  _ 

80.00 

0.41 4C0 

2.215CC 

-C. 57200 

-0. 0 1 7 6C 

50.00 

C.  10CC0 

2.2GOCO 

-0,60700 

-c.oiaic 

ICO. 00 

.-C.220CO 

2.262C0 

_.-C.  63000 

-0.01760 

no.oc 

-C.5200C 

2.  154C0 

-C. 64000 

-0.0165C 

130.00 

-0.S55CC 

1.66BC0 

-C.60Q00 

-0.01260 

162.00 

-C.54OC0 

C.  460  CO _ -C. 2 5000 _ 

-O.OC450 

170.00 

-C. 7QOOO 

C.228CC 

-C. 16300 

-0.00200 

1 75.00 

-C.52CC0 

C.C96CC 

-C. 07900 

-0.0C03C 

180.00 

-c. loccn 

C.C3CC0 

0.0 1000 

0.00120 

186.00 

C.40CCO 

c.C6ecc 

0. 11500 

0. OC  290 

152.00 

C.77CC0 

C.21CC0 

C. 21500 

0.0045C 

2CO.00  _ 

_  C.64CC0 _ 

C.432C0 

0, 23200 

_  0.00650 

23C.OO 

~  C. 56000 

1.6CCC0 

0.63200 

0.01320 

260.00 

C.26CC0 

2.240CC 

C. 65000 

0.01760 

270.00 

-C.C50C0 

2.28CC0 

0.62000 

0.01810 

280.00 

-C.37CCG 

2.22ecc 

C,  58000 

0.0177C 

3C0.00 

-0.52000 

1.896CC 

C. 47800 

0.01520 

330.00 

-C.56CCC 

C.850CC 

C.  25700  _ 

0.0097C 

345.00 

- C . 605  CO 

C.32CCC 

0.06200 

0.00551 

348.00 

-C.502C0 

C.  1648C 

C. 01600 

0.00456 

340.00 

-C.463C0 

C.  14teC 

-0.00200 

O.0C42O 

350. CC 

-0.424C0 

C.15CC0 

""-0.0  1600' 

0.00379 

351.00 

-C. 383C0 

C. 11520 

-0.02800 

0.00339 

252.00 

-C.34CCC 

C. 10CC0  _ 

-0,04000 _ 

_ 0.00298 

354. OC 

-C. 22  Of  0 

C.C76C0 

-0.06200' 

0.00208 

355. OC 

-C.  14  3  CO 

C.C6680 

-C. 07300 

0.0C153 

356. CO 

C. C45C0 

C.C59C0 

-0.08100 

0.0C095 

356.00 

C . 762  f  0 

C.C45C0 

-0. 08600 

-0.00022 

360.00 

C.262CC 

C.C6220 

-C.0960r> 

-0.001 1 7 
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TABLE  XXXIII.  AERODYNAMIC  COEFFICIENT  DATA  FOR 
THE  KAMAN  23012  AIRFOIL  SECTION 


WITH 

A  FAIRED 

FLAP 

MACH  NUMBER  »  0.30 

S  E  ft  VC-  FLAP  INFLECTION  «-10.0  CFG 

ALPHA 

CL 

CC 

CM 

CMO 

0.0 

-0.33200 

0.00635 

0.07700 

0.00235 

2.00 

-0.  12000 

0.00625 

0.0(3030 

0.00230 

3.00 

-O.OOOCO 

0.006  15 

0.08200 

0.00203 

A.  00 

0. 10000 

0.00615 

0.08370 

0.00176 

5.00 

0. 210*30 

0.00625 

0.08600 

0.00149 

6.00 

0.31500 

0.006A5 

0.08600 

0.00117 

7.00 

0. A2500 

0.00845 

0.08650 

0.00090 

ft.  00 

0.53300 

0.01045 

0.03730 

0.C0063 

9.00 

0.6A200 

0.01 395 

0.08750 

0.00036 

10.00 

0.75000 

0 . 0  l  S  9  5 

O.Ort  7  20 

0.00009 

n  .oo 

0. P6000 

0.02745 

0.08420 

-0.00023 

12.09 

0. '<t. 000 

0.C3795 

0.08540 

-0.00)59 

1  A  .  00 

1  . 1  moo 

0.07 l 45 

0,06900 

-0.00  t  04 

16.00 

0. 615  2  00 

0.13795 

O.o  3500 

-0.00154 

20. 00 

0.91  ft  00 

0 . 2n  2  4 6 

-O.o l 150 

-0.00280 

30.00 

l .01000 

0 .56  745 

-0.  1690.3 

-0.005)2 

50.00 

1.20000 

1 .29245 

-0.  3490.1 

-0.01152 

65.00 

0, 85000 

1.60245 

-0.4  3  0  00 

-0.01423 

<10.00 

0.41 500 

l .92  745 

-0.51000 

-0.01775 

00.00 

0. 10000 

1.98745 

-0.64000 

-0. 01581 

l  CO. 00 

-0.22000 

1.96245 

—  0. 6  60 00 

-0.01535 

110.00 

-0.52000 

1 .55945 

-0.56401 

-0.014J2 

1 30.00 

-0.055^0 

1.46245 

-0.54260 

-0.01129 

162.09 

-0.54000 

0.34746 

-0. 30000 

-0.00406 

1 70.00 

-  0 .75  000 

0.19245 

-0. 34  JOO 

-0.00203 

1 75.00 

-0.52  000 

0.07945 

-0. 30000 

-0.0006ft 

1  CO. 00 

-0. IOOO0 

0.03745 

0.1 

0.00058 

1 rO.OO 

0.40000 

0.09245 

0 . 3  ft  201 

0.00271 

l‘<2.00 

0.77060 

0.15745 

0.34800 

0.00339 

200.00 

O.t'AOOO 

0.29  745 

0.  32  )00 

0.00497 

230.00 

C  .  Sid  0  00 

1.38245 

0.58000 

0.01075 

260.00 

0.26000 

1.96245 

0.57600 

0.01535 

270.03 

-0.0500<) 

2.00745 

0.64300 

0.01613 

280.00 

-0.  37<)00 

1.97745 

0.6  3000 

0.01531 

300.00 

-0. 92  000 

1  .60245 

0.  ’9000 

0.01377 

330.00 

-0.56  0  00 

0.  7  1245 

0.14  )00 

0.0 1016 

3a5, 00 

-1 .201  CO 

0.24245 

0.07100 

0.00682 

3AH. 00 

-1 .30R00 

0. 14 1 45 

0. 06100 

0.00610 

349.00 

-1.291 00 

0.10345 

0.05900 

0,00503 

350.00 

-1 .26500 

0.07545 

0.05300 

0.00555 

351.00 

-1.21 ftOO 

0.05145 

0.05000 

0.00537 

352. 00 

-1.15500 

0.03145 

0.06000 

0.00504 

353. 00 

-1.07500 

0 .0  t  995 

0.06100 

0.00479 

35A.00 

-0.98500 

0.01495 

0.06320 

0.00452 

355.00 

-0. ft  ft  0  00 

0.01065 

0,06600 

0.00425 

356.  01) 

-0. 7  7000 

0 . 00895 

0. 07.800 

0.00357 

.357.0  ) 

-0. 65  HOO 

0.00745 

0.070u0 

0.00'79 

3 5 «. 00 

-0.55  3  0) 

■3.00  7  05 

0.07200 

0 . 0  0  3  4  ) 

360.00 

-0.3)200 

0.00636 

0.0  7700 

9.00934 

TABLE  XXXIII  -  Continued 


MACH  Nl)M0E«  *  0.45 

SEPVC- 

FLAP  OFFUFCTION  —10.0  OEG 

ALPHA 

CL 

CO 

CM 

CMO 

1  o.o 

-0.31500 

0 . 00620 

0.07950 

0.00339 

2.00 

-0.C7100 

0.006C8 

0.08200 

0.00280 

3.00 

0.05000 

0.00618 

0.08350 

0.00253 

4.00 

0.  17000 

0.0062b 

0.08500 

0.00221 

5.00 

0.29200 

0 .CO 7  28 

0.08550 

0.00194 

6.00 

0.41 500 

o.ooacb 

0.08590 

0.00143 

7.00 

0.53400 

0.00428 

0.036J0 

0.00131 

3,00 

0.65400 

0 .01048 

0.03600 

0.00104 

0.00 

0. 77600 

0.01228 

0.03400 

0 . 0  0  0  *)  1 

10.00 

0.89000 

0.016  7(1 

0.08440 

0.00945 

11.00 

0.97800 

0.02428 

0.03200 

0.00014 

12.00 

0.99000 

0  .03728 

0.04600 

—0.0001  H 

14.00 

0. 93 8  00 

0. 10728 

0.00400 

-0.00077 

16.  00 

0.  <>0000 

0.13028 

-0.02239 

-0.0!)  1  40 

20.00 

0.06000 

0 .2 9  728 

-0.05400 

-0.09262 

30.  JO 

1.0 3  000 

0.60  3  28 

-0. 1 5300 

-0.00550 

50.  00 

1.20000 

1.40228 

-0.34000 

-O.OU97 

65.00 

0. 05000 

1 .70728 

-0.452)0 

-0.01445 

HO.  00 

0.41400 

l  .90928 

-0.67700 

-0.0 15  94 

90.  00 

0.  I'i.'mIO 

2.04628 

-0.6440  > 

-0.01676 

100.00 

-0.27000 

2.00228 

-0.6  *600 

-0.0  16(1 1 

1 10.00 

-0.52 000 

1.0*3728 

-0.53100 

-0.0 1463 

1 30.00 

-0. <55500 

1 .40228 

-0.55500 

-0.0 1 l  )H 

167.00 

-0. 54000 

0.36728 

-0.24000 

-0.00411 

l  70.00 

-0.78000 

0.20228 

-0.30700 

-0.00293 

176.00 

-0.6J  nro 

0.  Oo 7 28 

-0.74500 

-0.00058 

l HO. JO 

-o.  io»oo 

0.04  7  78 

0.0 

0.00077 

1  69 .  O') 

0.40000 

0.10  7  28 

0.2  4*100 

0.00294 

l  92 . 00 

0.77000 

0 . 1 6  7  28 

0. 33200 

0.00384 

700.00 

0.64000 

0.337 28 

0.32300 

0.00542 

230.00 

0.68000 

1 .46228 

0.59000 

0.01124 

260.00 

0.26000 

.  .00728 

0. 59200 

0.01563 

2  70.00 

-Q.C6000 

2.06  728 

0 . 5bOOO 

0.01430 

/HO. 00 

-0.37000 

2.06679 

0.51700 

0.01603 

3nQ. 00 

-0.52000 

1.77723 

0.4)000 

0.01400 

330.00 

-1.04100 

0 .78720 

0.19900 

0.01034 

346,00 

-1.08O00 

0.29728 

0.13637 

0.00763 

348.00 

-1 .23700 

0.19720 

0.09750 

0.00686 

3 4  0.  00 

-1.24  700 

0.16128 

0.03900 

0.00659 

350. 00 

-1.24300 

0.1242H 

0.07200 

0.00632 

351.00 

-1.21000 

0.00428 

0.06600 

0.00610 

352.00 

-1.15 700 

0.06728 

0.06450 

0.00578 

3  S3 . 0 J 

-1.C8S00 

0.03728 

0.06640 

0.00546 

364.00 

-  1  .(iOO(H) 

0.02378 

0.06650 

0.00519 

3  6«-.  00 

-r..  <3)0  no 

0.01478 

0.049  3*1 

0.004  72 

356.00 

-0.fc.700O 

0.009 78 

0.07160 

0.00461 

357. 00 

-0.67600 

0.00828 

0.07360 

0.00429 

368.00 

-0.56 6 00 

0.00688 

0.07600 

0.00402 

*».  /  0.  '10 

-  0  .  3  1  6  r'O 

0.003,74 

o,o7'irin* 

0.00  1  V* 
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MACH  NUMBER 

ALPHA 

«  0.65 

CL 

SERVO” 

CO 

FLAP  DEFLECTION 

CM 

•-io.o  ore 

CMO 

0.0 

-0.265C0 

0.00730 

0.07500 

0.00461 

2.00 

0.0 

0.00740 

0.08600 

0.00388 

3.00 

0.13000 

0.00760 

0.09100 

0.00352 

4.00 

0.26500 

0.00780 

0.09600 

0.00316 

5. CO 

0.43000 

0.C0830 

0.10100 

0.00280 

6.00 

0,52300 

0.01030 

0.10500 

0.00219 

7.00 

0.62000 

0.91380 

0.10700 

0.00199 

3.00 

0.70300 

0.02080 

0.10900 

0.00163 

9.00 

0.760 CO 

0.02930 

0.10400 

0.00117 

10.00 

o.eoooo 

0.01480 

0.09100 

0.00077 

11.00 

0.02H00 

0.05330 

0.04300 

0.00036 

12.00 

0.85000 

0.07C80 

0.0)000 

-0.00009 

14.00 

o.yrtooo 

0. 1268) 

-0.02300 

-0. 00095 

If). 00 

0.50500 

0. 18430 

-0.04  700 

-0.0019  l 

20.00 

0.04  700 

0.  •'1683 

-0.08400 

-0.00348 

30. oj 

1 .03000 

0.67600 

-0.23200 

-0.00718 

50.00 

1.20000 

1.48680 

-0.39100 

-0.01233 

65.  OD 

0.85000 

1.80180 

-0.47700 

-0.01495 

no. oo 

0.41400 

2.09680 

-0.54000 

-0.01471 

40.00 

0. 10000 

2.  14680 

-0.57000 

-0.0 '721 

1 no.oo 

-0.22000 

2.10180 

-0. 5 VO 00 

-0.91675 

110.00 

-0.52000 

1.49180 

-0.60100 

-0.01550 

130.00 

-0. <55500 

1.50180 

-0.57300 

-0.01197 

162.00 

-0.540CO 

0,42680 

-0.28000 

-0.00429 

170. 00 

-C.7b000 

0.22680 

-0.27100 

-0.00203 

1  75.00 

-0.52000 

0.11680 

-0.21000 

-0.00045 

1  b(>.  0  0 

-0. 10000 

o.oioeo 

0.0 

0.00108 

189.90 

0. 40000 

0.17180 

0.20000 

0.00316 

192.00 

0.77000 

0.20680 

0.30900 

0.00384 

200.00 

0.64000 

0 . 39680 

0.32500 

0.00564 

230.00 

0. 98000 

1  .54680 

0.61 000 

0.01152 

260. 00 

0.26000 

2. 1 C  6  80 

0.42300 

0.01188 

27urOO 

-0. 0500U 

2.17130 

0.69?00 

0.01269 

260.00 

-0.37000 

2  .  15030 

0.55000 

0.01680 

300.09 

-0.42090 

1 .08480 

0.44500 

0.01441 

330.00 

-1 .00600 

0.85680 

0.21200 

0.01016 

345.00 

-0.935C0 

0. 34680 

0.1 l 300 

0.00854 

340.0 > 

-0. 50000 

6. 266  30 

0.04300 

0.00304 

346,00 

-C.  t.0000 

0.23180 

0.093)0 

0.00786 

350.00 

-0. 87  700 

0.21180 

0.09Q00 

0.00768 

351.00 

-0. 86200 

0.  18980 

0.08600 

0.00745 

352.00 

-0. 85000 

0. 16430 

0.0B400 

0.00723 

353.00 

-0.83 700 

0.13180 

0.0H200 

0. 00700 

364.00 

-0.51200 

0.C4680 

0.03000 

0.00673 

356.00 

-0.766(0 

f#  •  0  0 8  0 

0.07000 

0.00646 

356.00 

-0.646C0 

0.02890 

0.06100 

0.006) 4 

967.00 

-0.61 000 

0 . 00930 

0.04000 

0 .004  74 

358.0 0 

—  0 , 6 1 npo 

0.00760 

0.06400 

0.00533 

3M).  00 

-0. 26500 

0.00710 

n.n  7500 

0.0 044 l 
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MACH  NUM0FR 

ALPHA 

-  O.fiO 

CL 

SFPVC- 

co 

FLAP  Dt-FLECTION  --10.0  D£G 

CM  CMO 

0.0 

-0.20600 

0.08794 

0.08350 

0.00271 

?.00 

0.0 

0.05794 

0.05800 

0.00149 

3.00 

0.17000 

0.04054 

0.05100 

0.00063 

t.00 

0.24000 

0.04344 

0.02800 

-0.00009 

5.00 

0.29100 

0.04 1  14 

0. 01 300 

-0.00072 

6.00 

0.34200 

0.04244 

0.00200 

-0.00126 

7.00 

0. 39200 

0.04594 

-0.00600 

-0.001 76 

6.00 

0.44000 

0.05 194 

-0.01200 

-0.0022  l 

0.00 

0.46500 

0.06044 

-0.02000 

-0.00256 

10.00 

0.52  7C0 

0.07094 

-0.02600 

-O.O0  *07 

n.oo 

0. 56BC0 

0.03494 

-0.03  300 

-0.00348 

12.00 

0.60600 

0.09844 

-0.03900 

-0.00384 

14.00 

0.68000 

0 . 12994 

-  0 . 0  7  4  00 

-0.00447 

16.00 

o .  74  n  on 

0.17194 

-0. 1 2900 

-0.0061 5 

20.00 

0.Q6  0  00 

0.27094 

-0.20800 

-0.004 32 

30.00 

l  .01  non 

0.65554 

-0.28  ?00 

-0.003 74 

50.00 

1 .2000U 

l  .42594 

-0.42200 

-0.01332 

65.00 

0. 85000 

1.89094 

-0.508  >0 

-0.01603 

HO. 00 

0.41  4  CO 

2  .  19094 

-0.67209 

-0.01734 

00,00 

0.  l.!0O0 

2.26054 

—  •  fO  v  • )  i,‘ 

-0.9  13  l  1 

1  00  00 

-0.22000 

2.23694 

-0.6 2- 700 

-0.0176) 

110.00 

-0,52000  . 

2  .  1  3594 

-0.6380') 

-0.0  164y 

1 30.00 

-0.05600 

1.69594 

-0.50000 

-0.01264 

162.00 

-0.54000 

0.51654 

-0.26000 

-0.00438 

170.00 

-C.  76000 

0.27094 

-0. 1 7200 

-0.00293 

175.00 

-0.6200)' 

0.14694 

-o.r-w  )0i. 

-0.90927 

1  >:0. 00 

—  0 .  loOOO 

0.04054 

0.') 

C  .K)  l  5  l 

1  u‘i.00 

0 , 4  00  00 

0 . 1  M  5  9  4 

0 . 1 o  200 

0.09346 

1 ‘72.00 

0. 7  7  00:) 

0 . 26554 

0.21200 

0.904 >2 

200.00 

0.64  000 

0 . 60694 

0. 340  90 

9.09555 

230.00 

o .  c.  6  non 

l  •  6  0  fb  5  4 

0.43900 

0.01*19 

2 (  0.  09 

0.2MIOO 

2 .26094 

0.66  100 

0.01741 

2  71).  00 

-  0 .  (-5  Ot'O 

2 . 2;l6  6  4 

0.6 1 300 

0.0  14  )6 

2iiO.  00 

-0. 3  7000 

2.24)54 

0.6  mOOO 

0. 0 1 7  70 

300. OC 

-c. 620 no 

1  .92094 

0.4  780  ) 

0 . 0  1  S  l  7 

330. 00 

-1.02  0  00 

0  .«4  594 

0.25600 

0.91021 

345.00 

-0. 720O0 

0 .4  3054 

0. 1 3409 

0.09704 

348. 00 

-0.64700 

0.33694 

0. 1 1590 

0.00628 

34*>.  0>) 

-O.l  2000 

0.31654 

0. 10900 

0. 9069b 

350. 00 

-0.50400 

0.29094 

0. 10300 

0.00574 

351.00 

-0.57100 

0.26664 

0.09700 

0.00546 

352. 00 

-0.  54)100 

0.24454 

0.09200 

0.00619 

•  3  63.00 

-0.52  1  o,) 

0.22154 

0.08  700 

0.09492 

356.00 

-0.49807 

0 . 19964 

O.Ofl  300 

0.00466 

.355.  00 

-0.4  7000 

0  .  1  7  t>  4  4 

0.  <1  7990 

0.90434 

*64.  0  0 

-O,  V,lO(| 

4  .  1  4  9  5  4 

0.0  7  f 00 

0.00404 

757.00 

-0.41000 

0 . 1  3964 

0.07100 

0.00376 

3  by. 00 

-0. 37290 

0 . 12344 

9.06000 

0.093.3 

on.  on 

-0. 2  6  40!) 

O.o 1794 

0.04359 

9 . 9  9  2  7  1 
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MACH  NUMBER  *  0. JO 

SERVO- 

FLAP  INFLECTION  *  -5.0  OEG 

ALPHA 

CL 

CO 

CM 

CM  0 

0.0 

-0. 12000 

0.00615 

C. 03470 

0.00163 

2.00 

0.11200 

0.00605 

0.03600 

0.00104 

3.00 

0.22000 

0.00595 

0.03700 

0.00077 

A.  00 

0.32500 

0.00605 

0.03740 

0.00050 

$.00 

0.43200 

0.00625 

0.03780 

0.00023 

A. 00 

0.54000 

0.00735 

0.03750 

-0.00005 

7 . 00 

0.65000 

0.00915 

0.03720 

-0.00032 

8.00 

0. 76000 

0. 01115 

0.03630 

-0.00063 

<7.  00 

0. H6000 

0.01695 

0.0  3400 

-0.00040 

10.  JO 

0. 56 9 CO 

0.02246 

0.03434 

-0.00117 

11.00 

1 . 07050 

0.03145 

0.43510 

-0.00145 

12.00 

1 .17000 

0.04445 

0.03100 

-0.00172 

14.00 

1.12100 

0.07745 

0. 00900 

-0.00226 

16.00 

0.06200 

0. 15045 

-0.02470 

-0.00280 

20.00 

0.03100 

0.28944 

-0.05500 

-0.00402 

30.00 

l .CIOOO 

0.57945 

-0.15900 

-0.170677 

50.00 

1 . 20000 

1 .30445 

-0. 3400) 

-0.01152 

65.0  0 

0. C5O0O 

1.70245 

-0.4  3800 

-0.01423 

80.00 

0.41400 

1.93545 

-0.61000 

-0.01775 

00.00 

0.  10000 

1.99245 

-0.S40O0 

-0.01581 

1 00.00 

-0.22000 

1.96745 

-0.56000 

-0.01535 

i lO.OJ 

-0.520CO 

1  . 067  45 

-0.54400 

-0.01432 

1  JO. 00 

-0. 95 5 00 

1.44J45 

-0.64200 

-0.01129 

162.00 

-0.54000 

0.33445 

-0.3 )0 00 

-0.00406 

1 70.00 

-0.78000 

0.18745 

-0.34000 

-0.00203 

175.00 

-0.52000 

0.06845 

-0.30000 

— 0 .00068 

1 80.00 

-0. 10000 

0.02545 

0.0 

0.00068 

1  09.00 

0.40000 

0.07945 

0.33200 

0.00271 

192.00 

0. 77000 

0. 156  94 

0.34800 

0.00339 

200. 00 

0. 64000 

0.28745 

0.32000 

0.00497 

230.00 

0.93000 

1 . 37245 

0.58000 

0.01075 

260.00 

O.26CC0 

1.95745 

0.57600 

0.01535 

270.00 

-0.05000 

2.00245 

0.54300 

O.C 1603 

2  UC. 00 

-0.37000 

1,47245 

0.50000 

0.01581 

300. 00 

-0.92  100 

1.67245 

0. 39000 

0.01 3  77 

330.00 

-0.960CC 

0.69845 

0.14000 

0.009  1  7 

355.00 

-1 .21000 

0.23545 

0.03940 

O.OO'i.TO 

360.00 

-l  .20600 

0. 17045 

0,02750 

0.00483 

349.00 

-1.17200 

O.f  45 

0.02600 

0.00456 

360.00 

-1  .  12  000 

0.<'  <45 

0.02600 

0.00434 

351.00 

-1 .15000 

0.04645 

0.02600 

0.00406 

352.00 

-0.96300 

0.02845 

0.02700 

0.00379 

353.00 

-U.H5000 

0.01945 

0.02800 

0.00357 

354.00 

-0. 75000 

0.01445 

0.02350 

0.00325 

365.00 

-5.64500 

0.00095 

0.0  3000 

0.00798 

36*-.  00 

-0.63600 

0 .00845 

0.03100 

0.90271 

367.0) 

-0.4?  75,) 

0 . 00705 

n. 03700 

0.00744 

3  56.00 

-J. 320C0 

0.00655 

0,0  1  350 

0.00217 

36D.00 

-0.1205,1 

0 .006  1 5 

0.0  34  70 

0.90143 
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TABLE  XXXIII  -  Continued 

MACH  NUMBER 

•  0.45 

SE  8  VC- 

FLAP  06  FLECT I  ON 

*  -5.0  Of G 

ALPHA 

CL 

CO 

CM 

CMO 

0.0 

-0.  <500  00 

0.00598 

0.03360 

0.00190 

2.00 

0.15400 

0.00588 

0.03640 

0.00131 

3.00 

0.27400 

0.00583 

0.03780 

0.00099 

A. 00 

0.40000 

0 .006  0 

0.03850 

0.00072 

5.00 

0.51800 

0.00688 

0.03950 

0.00041 

6.00 

0.63  200 

0  .00828 

0.04700 

0.00014 

7.00 

0.76 )00 

0.01028 

0.04040 

-0.00018 

6.00 

0.68000 

0.01478 

0.04060 

-0. 00050 

0.00 

0.  995  00 

0.016C8 

0.04030 

-0.0003  l 

10.00 

1.00000 

0.02228 

0.04020 

-0.00108 

11.00 

1.14000 

0.02828 

0.04000 

-0.00135 

12.00 

1 .  Ctl.OOO 

0.04373 

0.02400 

-0.00167 

14.00 

0.46000 

0.121/3 

-0.06300 

-0.002  30 

16.00 

0.43000 

0.10628 

-0.072/0 

-0.00289 

20.00 

0.75000 

0.30728 

-0.09040 

-0.00402 

30.00 

l .C3000 

0.62423 

-0. 11100 

-0.00673 

60.00 

l .20000 

1.41025 

-0.36000 

-0.0  1197 

65.00 

0.85000 

l  .  79  7  23 

-0.45200 

-0.0  1445 

30.00 

0.41400 

2.C0223 

-0.52700 

-0.01594 

70.00 

0. 10000 

2.04828 

-0.54400 

-0.01676 

100.00 

-0.22000 

2  .00423 

-0.47600 

-0.01581 

110.00 

-0.42000 

1 .89228 

-0.53100 

-0.01468 

no.  on 

-0.45600 

l  .48623 

-0.54600 

-0.0  11 33 

lb?. 00 

-0.54000 

0 .33228 

-0.29000 

-0.00411 

1 70.00 

-0.78000 

0.19723 

-0. 30200 

-0.00203 

175.00 

-0.62  oro 

O.C8  72-3 

-0.26500 

-0 .00068 

1  HO. 00 

-0. 10000 

0.0  1028 

0.0 

0.00077 

139.00 

0.40000 

0.10028 

0.34800 

0.00204 

172.00 

0.77000 

0.17723 

0.33200 

0.00334 

200.00 

0.64 000 

0.31928 

0.32800 

0.00542 

?  ho. on 

0.68000 

1.43723 

0.69000 

0. 01124 

260.00 

0.26000 

l  .99223 

0.69200 

0.0  156  1 

270.00 

-0.05000 

2.06223 

O.60OOO 

0.0  16)0 

?  hO .  O') 

-0. 17  0  n0 

2 .05228 

0.41200 

0.0  1603 

300.00 

-C.S2000 

1.76723 

0.41000 

0.0  1400 

330.00 

-1.03000 

0.77028 

0.17800 

0.00944 

345.00 

-l. 04000 

0.2/228 

0.07200 

0.00619 

348.00 

-1 . IP  300 

0.17923 

0.05000 

0.00517 

340.00 

-l  .18000 

0.14128 

0.02950 

0.00510 

360.00 

-1.14600 

0. 10528 

0.02130 

0.00483 

351.00 

-1 .08PO0 

0.07128 

0.01070 

0.00456 

352.00 

-1 .01000 

0 .04723 

0.01030 

0.00429 

361.00 

-0.°1 400 

0.0)228 

0.02000 

0.00397 

354.00 

-0.81 000 

0.02043 

0.02100 

0.00366 

366.03 

-o.coono 

0.01308 

0.02  100 

0.00330 

366.  Ull 

-0.666  C(l 

0  .009  23 

0.02550 

0.00  112 

367.0) 

-0.44400 

0 .00828 

0.02750 

0.00230 

350.0.) 

-0.32500 

0.00658 

0.0)000 

0.00248 

360.00 

-0.09O09 

o • 006  cm 

0.03 160 

o.oono 
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TABLE 

XXXIII  -  Continued 

MACH  NUMQER 

»  0.65 

St  R  VC  - 

FLAP  OEFLFCTION 

•  -5.0  DEG 

ALPHA 

CL 

CO 

CM 

CMO 

0.0 

-0.05000 

0.00590 

0.03300 

0.00253 

2.00 

C.205CO 

0.00610 

0.04200 

0.00181 

0.00 

0.34000 

0.006  10 

0.04600 

0.00145 

4.00 

0.47000 

0.00659 

0.05000 

0.00108 

5.00 

0. 60  COO 

0.C07  30 

0.05200 

0.00068 

6.  00 

0.60300 

0.00980 

0.05300 

0.00027 

7.  00 

0.75000 

0.01480 

0.05100 

-0.00014 

0.  01 

0 . 73  H  00 

0.02280 

0.04500 

-0.00054 

9.  00 

0.61  2  00 

0.03160 

0.02500 

-0.000  JO 

10.00 

0.63300 

0.045  30 

0.00290 

-0. 00131 

11.00 

0.65100 

0.06180 

-0.01500 

-0.00167 

12.00 

0. 66  8  00 

0. CC480 

-0.03109 

-0.00203 

14.00 

0. 89200 

0.15480 

-9.05600 

-0.00230 

1/..  00 

0. 91  600 

0 . 2  04  80 

-0.07599 

-0.00348 

20.90 

0.95  0  CO 

0 . 344  30 

-0. 1053) 

-0.00479 

30.  00 

1.041 00 

0.69109 

-0.24901 

-0.00772 

50.  00 

1.20000 

1.49080 

-0.39103 

-0.01733 

C5 .00 

0.05000 

1  .  30980 

-0.4  7  793 

-0.01495 

HO.  00 

0.41 400 

2.  104  30 

-9.54990 

-0.91671 

90.00 

0. 10000 

2.15180 

-0.67000 

-0.01721 

100.00 

-0. 22009 

2 . 10' 80 

-0.5«)00 

-0.01675 

110.00 

-C. 52OO0 

1 .99300 

-9.60100 

-0.01558 

130.00 

-0.95500 

1.57630 

-9.57300 

-0.01197 

162. 00 

-0.54000 

0.41189 

-0.28900 

-0.00429 

170.00 

-0.76000 

0.21480 

-9.27390 

-0.00203 

1  /  5 . 00 

-0.52000 

0. 10430 

-0.21909 

-0.09045 

1 60.00 

-0 .  In ('00 

0.02500 

0.9 

0.001C8 

169.00 

0.40000 

0.14930 

0.2PO0O 

0.00316 

192.00 

0. 77009 

0. 19600 

0.3 1900 

0.00384 

200.00 

0.64009 

0.37109 

0.32599 

0.00564 

230.00 

9.54000 

1.53130 

9.61 ono 

0.01152 

2  fi() .  00 

0.26000 

2.09689 

0.6  2  H00 

0.01138 

270.00 

-0.0400(1 

2 .164  39 

0.59  200 

0.01269 

2  HO. 00 

-C.370CO 

7 . 1 4  7  HO 

0 . 6  5000 

0.01680 

300. 00 

-0.920O0 

1.37380 

0.44500 

0.01441 

330.00 

-  1  .07  709 

0.321 80 

0.7)900 

0.00948 

340.00 

-0.52000 

0.32180 

9.08900 

0.00691 

346.00 

-0.06000 

0. 22430 

.0.9  7  200 

0.  00626 

3  4  i.  O') 

-0  .  (4.  /(  i 

o  .?6n-jo 

0.9MJ09 

0.00605 

350.00 

- 0 . 85200 

0. 186  30 

0.06400 

0.00553 

351 .00 

-0.8 3800 

0. 1 59P0 

0.05900 

0.00556 

352.00 

-0.H20O0 

0.17480 

0.05009 

0.00528 

353.00 

-9  .  H9000 

0.084S9 

9.04400 

0 . 0  05  0 l 

354.00 

-0.75209 

0.06 780 

0.06400 

0.004  70 

V’.S.iH) 

-  n .  noi 

o.Ol 089 

0.0  >0  )?) 

0.594  38 

356.00 

-0 . 5  6100 

0.00770 

0.0 1 400 

C. 00 4 96 

357.  JO 

-0.45400 

0.00680 

9.02009 

0.00370 

346. 10 

-0. 32009 

0. 006 30 

0.02490 

0.00  3  30 

‘1  t,i'  #  O'  J 

n ,  rr\^  oo 

O.n  i  IK) 

0.91253 
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TABLE  XXXIII  -  Continued 


MACH  NUMBER  =  0.80 

$E  R VO- 

FLAP  OEFLECTION  =  -5.0  DEG 

ALPHA 

CL 

CD 

CM 

CM  0 

0.0 

-0.08500 

0.04794 

0.03000 

0.00172 

2.00 

0. 19000 

0.02594 

0.02200 

0.00050 

3.00 

0.25200 

0.02294 

0.00500 

-0.00023 

A. 00 

0.30300 

0.02444 

-0.00500 

-0.00077 

5.00 

0.35200 

0.02944 

-0.01400 

-0.00122 

6.00 

0.40000 

0.03844 

-0.02100 

-0.00167 

7.00 

0.441 00 

0.05294 

-0.02700 

-0.00217 

H.OO 

0.48500 

0.06594 

-0.0  3  300 

-0.00253 

9.00 

0.52  7  00 

0.08  1  94 

-0.0  3800 

-0.00294 

10.00 

0.56800 

0.09794 

-0.04  300 

-0.00330 

1 1 . 00 

0.60500 

0.11594 

-0.04  700 

-0.00)66 

12.00 

0.64000 

0.13594 

-0.U55OO 

-0.00402 

14.  00 

0.71000 

0. 1 7694 

-0.09700 

-0.00465 

16.00 

C. 77000 

0.22  394 

-0.  14  300 

-0.005  33 

20.00 

0.  Ho  ll  CO 

0.  12  8  94 

-0.21400 

-0.00646 

30.00 

1.02  0  00 

0. 70094 

-0.26  700 

-0.00912 

50.  00 

1.20000 

1.47094 

-0.42206 

-0.01  )  12 

65.00 

0.80000 

l  .01 b94 

-0.50800 

-0.01603 

00.  00 

0.61 400 

2. 19  794 

-0.5  7  200 

-0.0 l 734 

40.00 

o.  loom 

2.26894 

-0.6 1900 

— 0 . 0  1 M  1  1 

ICO,  O') 

-0.22000 

2.24694 

-0.82 300 

-0.01751 

lio.oo 

-0.  52  000 

2 . 14094 

-0.63000 

-0.01643 

130.00 

-0.95500 

1  .68094 

-0.50900 

-0.0 1264 

162.00 

-0. 54000 

0  .48594 

-0.2  3090 

-0.004  18 

1 70.00 

-0. 78000 

0.24394 

-0.17200 

-0.O0203 

1  78.00 

-0.52000 

0.11694 

-0. 03900 

-0.000?7 

1 60.00 

-0. loOOu 

0 . 94  2  34 

0.0 

o.oo i  n 

1  tv. 00 

0.40OC0 

0. 16  6  94 

0.16200 

0.00356 

02.00 

0.77000 

0.24094 

0.2 1200 

0.00452 

200.00 

0.640C0 

0 . 4b  5  94 

0.34000 

0.00655 

230.00 

0.93000 

1  .7,2  5  94 

0.63000 

0.01319 

2  60 . 00 

o.2ooro 

2.2 4  394 

0.65 100 

0.01761 

2  70.00 

-0. C6U00 

2.28894 

o.6 iaoo 

0.01896 

260.00 

-C. 37000 

2.23894 

0.58000 

0.01770 

300.00 

-0.92000 

1.91 204 

0.4  7800 

0.01617 

330.00 

-1 .Cl  000 

0.90004 

0.25600 

0.00994 

345.00 

-0.  70000 

0. 37394 

0.12300 

0.0065C 

348.00 

-0.6  2  000 

0.20494 

0. 19000 

0.00574 

34v. 00 

-0.59000 

0.2709V 

0.09400 

0.00542 

350.00 

-0. 56?00 

0.24894 

0.08  700 

0.0051  3 

351.00 

-0.5)200 

0. 72  6  9  4 

0.03100 

0.00483 

352.00 

-0.50200 

0.20494 

0.07400 

0.00461 

353.00 

-0.47200 

0.10294 

0.06300 

0.004  ) 4 

354.00 

-0.44300 

0,  14094 

0.06 100 

0.00492 

365.00 

-0.41600 

0. 13694 

0.05399 

0.00370 

356.00 

-0. 33600 

0.  1  1044 

0.05)00 

0.003  !9 

357.00 

-0.34000 

0 , 10094 

0.04300 

n.oo 303 

353.00 

-0.27400 

0 .00 l 04 

O.ov  200 

0.00266 

360. 01 

-0. Cl  5 00 

n .04  794 

0.0 1900 

0.031 72 
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TABLE  XXXIII  -  Continued 

MACH  NUMBEK  =  0. *0 

ALPHA  CL 

SfcRVC-FLAP  DEFLECTION  *  0.0  LEG 

CO  CN  CMO 

0.0 

0.17000 

0.006C5 

-0.00900 

0.00016 

2.09 

0.33600 

0.00595 

-0.00820 

-0.000 18 

1.00 

0.447C0 

0.00615 

-0.00800 

-0.00045 

A. 00 

0.55600 

0 .00625 

-0.00800 

-0.0007? 

*5.00 

0. 665  CO 

0  .00655 

-0.00800 

-0.00104 

6.00 

0.77700 

0.00765 

-0.00770 

-0.00111 

7.00 

0. 8d2  00 

0.00955 

-0.00770 

-0.00150 

8.00 

0.99000 

0.01245 

-0.00800 

-0.00185 

9.00 

l  .  09800 

0.01045 

-0 .90S  20 

-0.00212 

10.00 

1.206C0 

0.07695 

-0.01000 

-0.002  )9 

11.00 

1.31400 

0.03745 

-0.0 l 200 

-0.90266 

1?.00 

l . 39000 

0.048S5 

-0.01620 

-0.00294 

14.00 

1.C7900 

0.08545 

-0.04600 

-0.00148 

16.00 

0.94300 

0. 1 7345 

-0.07900 

-0.90402 

20.00 

0.55000 

0.29745 

-0. 10200 

-0.00506 

30.00 

l. 01000 

0.5S745 

-0. 1 5900 

-0.00750 

*>0.00 

1.20000 

1.31 745 

-0.34009 

-0.01 152 

t5.  JO 

C.  1’  5  0  0 0 

1.71746 

-0.43900 

-0.0 1421 

60.00 

0. 41400 

1.94345 

-0.51000 

-0.01775 

90.00 

0.  10000 

1  .99745 

-0.  54i,00 

-0.0  153  1 

1 00.00 

-0. 22000 

l  .97745 

-0.57,000 

-0.0 1515 

110. 00 

-0.67000 

1 .87  345 

-0.56400 

-0.01412 

130.00 

-0.95500 

1.43045 

-0.64200 

-0.01 129 

lb2.01 

-3. 54000 

0.32245 

-C. 39000 

-0.094 J6 

1 70.00 

-0.78000 

0.  18245 

-C. 34 JOO 

-0.00293 

1 76. 00 

-0.52  000 

0.05745 

-0.31000 

-0.00068 

IPO. 00 

-o.  lonoo 

0.01245 

0.0 

0.00068 

1 .19.00 

0.40000 

0.06645 

0.38200 

0.00771 

192.00 

0.77UO0 

0.15645 

0. 34300 

0.003  39 

200.00 

0.64000 

0.27745 

0.32000 

0.00497 

230.00 

0. Sri  000 

l  .36745 

0.50000 

0.01075 

260.00 

0. 260CO 

1.95245 

0.57600 

0.01515 

270.00 

-0.05000 

1.99745 

0.54300 

0.01603  j 

260.00 

-0.37000 

1  .96745 

0.51000 

0.01531 

300.00 

-0. 62000 

1 .66245 

0.  39000 

0.01 377 

330.00 

— 0 . 9600 J 

0.6HS4S 

0.14000 

0.00817 

345.00 

-1 .12  700 

•  0.22745 

0.00200 

0.00447 

348. 00 

-1.07800 

0. 12745 

-0.00800 

0.00366 

349.00 

-1.02600 

0.05845 

-0.00850 

0.00139 

350.00 

-0.95000 

0.06745 

-0.01000 

0.00312 

361.00 

-0.86200 

0.04045 

-0.01000 

0.00285 

352.00 

-0.75600 

0.02545 

-0.01050 

0.00257 

353.00 

-0.64800 

0.01 745 

-O.OllOO 

0.00230 

354.00 

-0.53700 

0.01245 

-0.01100 

0.00293 

355.00 

-0.42600 

0.00945 

-0.91050 

0.00176 

356. JO 

-0.31  riOj 

0.00845 

-O.n 1020 

0.00145 

357.00 

-0.20700 

0.00705 

-0.0  injQ 

0. 001 22 

358.00 

-0. 109PO 

0.00645 

-0.0 1 900 

C. 00090 

360.00 

0.  17000 

0.00605 

-0.00900 

0.00036 
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TABLE  XXXIII  -  Continued 


HACH  NUHU6H  »  0.45 

SEP9C 

-FLAP  OEKECTION  *  0.0  OEG 

ALPHA 

CL 

CO 

CM 

CMC 

0.0 

0.11500 

0.00588 

-0.0  1300 

0.00045 

2.00 

0.36000 

0.00578 

-0.01050 

-0.00018 

3.00 

0.480CO 

0.006C8 

-0.00050 

-0.00050 

4.00 

0.60000 

0.00628 

-0. 00800 

-0.00077 

5.00 

0.72300 

0.00728 

-0.00700 

-0.00104 

6.00 

0. 64400 

0 . OOP  28 

-0.00550 

-0.00135 

7.00 

0. 96500 

0.01118 

-0.00400 

-0.00167 

8.00 

1.06500 

0.01428 

-0.00200 

-0.001-74 

9.00 

1.18000 

0.01 388 

0.0 

-0.00221 

10.00 

1 .24000 

0.02478 

0.00300 

-0.00253 

11.00 

1 .20000 

0.03513 

0.00600 

-0.O0285 

12.00 

1. 11 000 

0.05328 

-0.05700 

-0.00312 

14.00 

0.98800 

0.13220 

-O.OdlSO 

-0.00375 

16.00 

0.95500 

0.20620 

-0.08600 

-0.004  34 

20.00 

0.95000 

0.31729 

-0. 10750 

-0.00542 

30.00 

1 .03000 

0  .64223 

-0.20000 

-0.00781 

50.00 

1.20000 

l  .41723 

-0. 38019 

-0.011 97 

65.00 

0.65000 

1.79728 

-0.48290 

-0.01445 

bO  .00 

0.41400 

2.00728 

-0.52200 

-0.01594 

50.00 

0. 10000 

2.06228 

-0.65401 

-0.01626 

1  CO. 00 

-0.22000 

2 .00  7  28 

-0.67500 

-0.01581 

110.00 

-0.52000 

1.89728 

-0.53100 

-0.01468 

130.00 

-0.95500 

1  .47728 

-0.55500 

-0.011 39 

162.00 

-0.54000 

0.30729 

-0.29000 

-0.00411 

170.00 

-0.78000 

0.19228 

-0.30290 

-0.00203 

1 75.00 

-0.52000 

0.07723 

-0.26800 

-0.00068 

l 80,00 

-0. 10000 

0.0 1  3  28 

0.0 

0.00077 

185.00 

0.40000 

0.09229 

0.34.900 

0.90294 

192.00 

0, 77000 

0.16728 

0.33200 

0.00384 

2  CO. 00 

0.640CO 

0,30228 

0.  32390 

0.00542 

230.00 

0. 58000 

1  .42228 

0.59000 

0.01124 

260.00 

C. 26000 

1 .90  7  28 

0.59200 

0.01563 

270.00 

-0.0500U 

2. 05 7 23 

0.56000 

0.01630 

280.00 

-0.37000 

2  .04  728 

0.51200 

0.01603 

3  CO. 00 

-0.92000 

1.75728 

0.400Q0 

0.0 14C0 

330.00 

-1.01500 

0.75226 

0.15600 

0.00854 

345.00 

-1.02000 

0.25728 

0.02000 

0.00483 

348.00 

-1. 11500 

0.16028 

-0.01600 

0.00397 

349.00 

-1 .C7000 

0. 12228 

-0.02100 

0.00370 

350.00 

-1. 01 000 

0.0H628 

-0.02060 

0.00 J39 

351.00 

-0.93000 

0.08728 

-0.02000 

0.00312 

352.00 

-0.83700 

0.03823 

-0.01980 

0.00230 

353.00 

-0.73000 

0  .02673 

-0,01900 

0.00248 

354.00 

-0.60500 

0 .01 728 

-0.01800 

0.00221 

355.00 

-0. 40 5 00 

0.C1 129 

-0.01 750 

0.00190 

I  356.00 

-0.36500 

0.00833 

-0.01650 

0.00163 

357.00 

-0.242O0 

0.00829 

-0.01600 

0.00131 

358.00 

-0.12300 

0.00626 

-0.01500 

0.00104 

360.00 

0. 1 1 500 

o.rosju 

-0.0 1 300 

0.00045 
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TABLE  XXXIII  -  Continued 


MACH  NUMBER 

■  0.65 

St  R  VC- 

FLAP  deflection 

«  0.0  UEG 

ALPHA 

CL 

CO 

CM 

CMD 

0.0 

0.14000 

0.00580 

-0.00800 

0.00050 

2.00 

0.40000 

0.00600 

0.00100 

-0.00027 

3.00 

0.54  000 

0.CO630 

0.00400 

-0.00063 

*.00 

0.65000 

0.00680 

0.00800 

-0.00104 

5.00 

0. 72000 

0.00740 

0.01000 

-0.00135 

#>.00 

0.76  0  00 

C.U1030 

0.01000 

-0.00172 

7.00 

0.79000 

0.01580 

0.00500 

-0.00206 

H.  00 

o.binno 

0.02680 

-0. 01000 

-0.00239 

9.00 

0.63000 

0.03930 

-0.02700 

-0.0027  1 

10.00 

0.  b5 000 

0.05480 

-0.04400 

-0.0030  7 

11.00 

0.  86800 

0.07830 

-0.06100 

-0.00339 

12.00 

0 . 8d2  00 

0. 11090 

-0.07700 

-0.00366 

14.00 

0.91000 

0. 18900 

-0.09300 

-0.00429 

1#  .00 

C.53irn 

0 .24680 

-0. 1 0400 

-0.00486 

20.00 

0. 97000 

0.37190 

-0. 1 2900 

-0.00596 

30.00 

1 . C5300 

0.70680 

-0.24300 

-0.00931 

50.00 

1.20000 

1.51130 

-0. 39100 

-0.01233 

65.00 

0.88000 

1.89660 

-0.47700 

-0.01495 

80.00 

0.41400 

2. 11660 

-0. 54000 

-0.01671 

90. 00 

C. 10COO 

2.15680 

-0.57000 

-0.01771 

100.00 

-0.22000 

2.1 1 l 30 

-0.59000 

-0.01675 

110.00 

-C. 52000 

1.99680 

-0.60 100 

-0.01550 

1 30.00 

-0. 55500 

1.57130 

-0.57800 

-0.01197 

162.00 

-0.54  000 

0. 39680 

-0. 28000 

-0.00429 

l 70.00 

-0.78000 

0.20630 

-0.27300 

-0.00203 

1 75.00  . 

-C. 52 nro 

0.09180 

-0.21000 

-0.00045 

1 80.00 

-0.10000 

0.01480 

0.0 

0.00108 

1 85.00 

0.40000 

0.12680 

0.28000 

0.00316 

192.00 

0.77000 

0.18680 

0.30900 

0.00394 

200.00 

0.64  COO 

0. 34680 

0. 32500 

0.00564 

230.00 

C. 98000 

1.51680 

0.61000 

0.0  1152 

260.00 

0. 26000 

2.09100 

0.62600 

0.01138 

270.00 

-0.05000 

2.15680 

0.59200 

0.01269 

2  80.00 

-0.37000 

2. 1 3680 

0.5  5000 

0.01430 

300.00 

-0.97000 

1 .86  1  BO 

0.44500 

0.01441 

330.00 

-1.C5O00 

0. 78680 

0.20200 

0.00076 

345.00 

-0.89300 

0.29680 

0.05900 

0.00524 

340. 00 

-0.  P.5000 

0.20630 

0.0  3400 

0.00443 

349.00 

-0. b3  300 

0. 1 00  BO 

0.02700 

0.C041 5 

350.00 

—  0.816  OQ 

0. 1498') 

0.07000 

0.00300 

351.00 

-0.798C 0 

0.11180 

0.01000 

0.00361 

352.00 

-C. 7 7 000  - 

0.06580 

-0.00600 

0.00330 

353.00 

-0. 72200 

0.01930 

-0.02400 

0.00298 

354.00 

-  0.  (.4  #,00 

0.0 io?o 

-0.03000 

0.00271 

355.00 

-0.53005 

0.00340 

-0.0  290.) 

0.00235 

356. 00 

-0.40000 

0 . 00  7  30 

-0.02500 

0.00199 

35  7.00 

-0.2  7 00 

o.r.06  80 

-0.07 100 

0.00143 

358.00 

-0. 1 4000 

0.00640 

-0.01 600 

0.00126 

3  #,U.  )■) 

0,1'.  1'  O') 

0.004P1, 

-0 .00  100 

0.00950 
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TABLE  XXXIII  -  Continued 


MACH  NUMHFK 

ALPHA 

«  O.PO 

CL 

SF  PVC- 

CO 

flap  inflection 

CM 

a  0.0  l)FG 

CMC 

0.0 

0. 15000 

0.01796 

-0.00900 

0.00059 

2.00 

0.26000 

0.0169.4 

-0.01900 

-0.00054 

3.00 

0. 31 1 00 

0.02194 

-0.03000 

-0.00104 

A.  00 

0.36500 

0.03094 

-0.03700 

-0.00145 

5.00 

0.51000 

0.04694 

-0.04 100 

-0.00190 

6.00 

0.65500 

0.06294 

-0.04700 

-0 .002  39 

7.00 

0 . 50000 

0.08094 

-0.05200 

-0.00275 

H.  00 

0.56000 

0.00894 

-0.05600 

-0.00316 

5.00 

0.50000 

0.11794 

-0.06000 

-0.00352 

10.00 

0. 62  COO 

0.13794 

-0.07000 

-0.00384 

11.00 

0.65100 

C. 159  44 

-0.08600 

-0.00425 

12.00 

0.66500 

0. 18094 

-0.10  700 

-O.OC452 

14.00 

0.76000 

0.23034 

-0.  14  700 

-0.00515 

16.00 

0.60200 

C. 28094 

-0.17300 

-0.00578 

70.  00 

O.tNOCO 

0.19594 

-0.22500 

-0.00695 

30.00 

1 . CiSOO 

0 ,74CS4 

-0.2 8700 

-0.00935 

50.00 

1.20000 

1.51594 

-0.42200 

-0.01332 

65.00 

0.05000 

l  .94594 

-0.50800 

-0.01603 

eo.oo 

0.61600 

2.20894 

-0.57200 

-0.01734 

50.00 

0. 10000 

2 . 2  7  5  ‘.'4 

-0.60900 

-n.oiii! 

l C0.00 

-0.22000 

2 .25594 

-0.62800 

-0.01761 

110.00 

-0.52000 

2 .14594 

-0.63900 

-0.01848 

1 30.00 

-0.06300 

1 .66594 

-0.50900 

-0.01264 

162.00 

-0.56000 

0.45594 

-0.28000 

-0.00438 

1 70.00 

-0.78000 

0.21 594 

-0.17200 

-0.00203 

175.00 

-0.52000 

O.C0594 

-0.00900 

-0.00027 

l fcO.Oj 

-0.10000 

0.02594 

0.0 

0.00131 

1U5.00 

0.60000 

0.14594 

0.16200 

0.00366 

l 52.00 

0.77000 

0.22594 

0.21200 

0.00452 

200.00 

0.66  COO 

0.42594 

0.34000 

0.00655 

230.00 

C. <53000 

1.53594 

0.61000 

0.01319 

260.00 

0.2M0OO 

2.23594 

0.65100 

0.0  1  76  l 

270.00 

-0 . 050 00 

2 .20094 

0.6  1  900 

0.01906 

2U0.00 

-0.  3  7000 

2.22594 

0.53000 

0.01770 

300.00 

-0.92000 

1  .90594 

0.47900 

0.01517 

330. 00 

-1.00000 

0.85594 

0.25600 

0.00971 

355.00 

-0.67000 

0.31794 

0.  10500 

0.00610 

34K.00 

-9.68500 

0 . 2  4  C  9  4 

0.07  100 

0.00524 

355.00 

-0.5 6 500 

0.21694 

0.06100 

0.00497 

350.00 

-0.52200 

0 . 19594 

0.05200 

0.00455 

351.00 

-0.60000 

0. 17  394 

0.04600 

O.OC434 

352.00 

-0. 65500 

0.15094 

0.03900 

0.00406 

353.00 

-0. 62  800 

O. 13094 

0.03 100 

0.00375 

3  55 . 00 

-0. 3>'00O 

0. 10894 

0.02300 

0.00339 

3'- 5.0.) 

-0.26000 

0 . OHO  34 

9.0 l 700 

0.0930  7 

3  5<~ .  50 

-() . 30  0f'0 

0.07094 

0.0 1000 

0.00271 

3  07.  )0 

-C.  26  >i 00 

0 .05 ’94 

0.00200 

0.00226 

3  58.9:) 

-0.17  )0U 

0.03794 

-0.0)600 

0.991  76 

3/0.00 

0.16000 

11. nj  794 

-0.00)1(1 

0.00989 
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TABLE  XXXIII  -  Continued 

• 

MACH  NUMIlfcR  *  0. 30 

ALPHA  Cl 

SERVC-FIAP  OF  FI  ECT  I  ON  *  5.0  Ofcti 

CO  CM  CMC 

0.0 

0. 36 8 CO 

0.C0555 

-0.05650 

-0.00086 

2.00 

0.58600 

0.006C5 

-0.05600 

-0.00145 

3.00 

0.69500 

0.00625 

-0.05600 

-0.001 72 

4.00 

0.80300 

0.00635 

-0.05580 

-0.00199 

6.00 

0.91  600 

0.00705 

-0.05580 

-0.00226 

6.00 

1.02600 

0.009  15 

-0.05550 

-0.00253 

7.00 

1 . 13800 

0.01 145 

-0.05600 

-0.00280 

8.00 

l  .24  8  00 

0.01525 

-0.06600 

-0.00307 

0.00 

1 .34600 

0.02155 

-0.06630 

-0.00374 

10.  U0 

l  .44  4  00 

0.03046 

-0.06720 

-0.00366 

11.00 

1 .52000 

0.04305 

-0.05350 

-0.00  793 

12. 00 

l  .62  6  00 

0.05745 

-0.06700 

-0.00420 

14.00 

1 .21000 

0.C9945 

-0. 10400 

-U. 00470 

16.00 

1.00000 

0.15495 

-0. 1 3000 

-0.00524 

70.00 

0.97000 

0.31145 

-O. 14770 

-0.00623 

30.00 

1  .C1000 

0.60546 

-0. 1 6900 

-0.00840 

60.00 

1  .20000 

l  .32°45 

-0.34000 

-0.01152 

65. OJ 

0. 06  000 

1 .72045 

-0.43800 

-0.01423 

HO. 00 

0.41400 

1 .04845 

-0.51000 

-0.01775 

VO.  00 

0.13000 

2.00245 

-0.54000 

-0.01531 

1 00.00 

-0.22000 

1.97545 

-0.5.6009 

-0.01675 

1  in. 00 

-0.52000 

1.67045 

—  0.56  400 

-0.0143? 

1 30.00 

-0.95600 

1  .47  345 

-0. 54200 

-0.01129 

162.00 

-0.64000 

0.30045 

-0.39000 

-0.00496 

170.00 

-0.78000 

0.  16945 

-0.34000 

-0.00203 

1 75.00 

-0.52000 

0.C6745 

-0.30900 

-0.0096b 

180.00 

-0. 100OO 

0.07745 

0.0 

0.00068 

100.00 

0.41000 

0.06495 

0.7°  700 

0.00271 

192.00 

C.  77000 

0. 15045 

0.34  BOO 

0.07339 

200.00 

C.  64  000 

0.27045 

0.37000 

0.00497 

230.00 

C. 96000 

1.36045 

0.58000 

0.0  1075 

260.00 

0.26000 

1.94545 

'0.5  7600 

0.01535 

270.00 

-C. 06000 

l  .99245 

0.54700 

0.01603 

280.00 

-0.37000 

1  .96045 

0 .50000 

0.01531 

300.00 

-C. 92000 

1.65645 

0.39000 

0.01377 

330.00 

-0. 96000 

0.67945 

0.14000 

0.00709 

*  3.03 

-1.01500 

0.21745 

-0.0  3240 

0.00321 

348.00 

-0.90400 

0.10545 

-0.04600 

0.00239 

349.00 

-0. 82800 

0.97495 

-0. 04800 

0.00212 

350.00 

-0. 73600 

0.05095 

-0.05100 

0.00135 

361.00 

-0. 63000 

0.03345 

-0.05700 

0.00163 

352.00 

-0. 520C0 

0.02045 

-0.05360 

0.00135 

363.00 

-0.40500 

0.01495 

-0.05500 

0.00108 

364.00 

-0.30000 

0.01095 

-0.05600 

0.0003  l 

355.00 

-0. 1 67CO 

0.00865 

-0.05640 

0. 0005C 

356.00 

-0. 07700 

0 .09795 

-0.06650 

0.000  ’  7 

357. 00 

0. 0760') 

0  .  o  7  7  r.  6 

-0.05709 

-0.009)6 

768.00 

0.  14  700 

0.CG645 

-0.0665') 

-0.009  12 

360.00 

0.  76800 

0.00895 

-0.05650 

-0.03036 
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TABLE 

XXXIII  -  Continued 

MACH  NUMOtK 

fl 

o 

* 

<J\ 

SEP  'C- 

FLAP  OEFLSCTION  »  5.0  OEG 

ALPHA 

CL 

CO 

CM 

CMO 

0.0 

0.34000 

0.00578 

-0.05800 

-0.00108 

2.00 

0.60000 

0.00588 

-0.05700 

-0.00167 

3.00 

0.72000 

0.006  Id 

-0.05600 

-0.00159 

<..00 

0. 64500 

0.00678 

-0.05500 

-0.00230 

6.00 

0.97000 

0 .008  28 

-0.05600 

-0.00260 

6.00 

1.C9200 

0.00978 

-0.05600 

-0.00285 

7.00 

1.20000 

0.01328 

-0.05600 

-0.00316 

H.  00 

1.29000 

0.01826 

-0.05700 

-0.00348 

9.00 

1 .39000 

0.02728 

-0.05300 

-0.00379 

10.00 

1.36000 

0.04028 

-0.07900 

-0.00406 

n.oo 

l .24000 

0.06228 

-0.10500 

-0,004  34 

12.00 

1.14500 

0,10428 

-0.11500 

-0.00465 

14.00 

1 .01000 

0.17928 

-0. 12900 

-0.00524 

16.00 

0.97000 

0.23128 

-0. 1 3800 

-0.00578 

20.00 

0.95000 

0.33223 

-0. 16  100 

-0.00686 

30.00 

1 .030C0 

0.65226 

-0.23400 

-0.00917 

50.00 

1.20000 

1.43023 

-0.36000 

-0.01197 

65.00 

O.HSOOO 

1.80728 

-0.45200 

-0.0 1445 

80.00 

0.41400 

2.01728 

-0.52200 

-0.01594 

90.00 

C. 10000 

2.05726 

-0.55400 

-0.01626 

lOO.C. 

-0.22000 

2.01 7 28 

-0.57500 

-0.0  1581 

110.00 

-0.52000 

1  .906  28 

-0.58100 

-0.01468 

130.00 

-0.95500 

1.46728 

-0.55600 

-0.01138 

162.00 

-0.54000 

0.30228 

-C. 29000 

-0.004U 

170.00 

-0.78000 

0.18228 

-0.30200 

-0.00703 

l 75.00 

-0.52000 

0.07728 

-0.26500 

-0.00068 

1 80.00 

-0. 10000 

0.02028 

0.0 

0. 00077 

1 89.00 

0.40000 

0.09028 

0.34300 

0.00294 

1  92 . 90 

0.77000 

0.16228 

0.33200 

0.00384 

2C0.00 

0.64000 

0.29728 

0.32800 

0.00542 

230.00 

0.90000 

1  .41023 

0.59000 

0.01124 

260.00 

0.26000 

1  .98  2  28 

0.59200 

0.01563 

270.00 

-0.05000 

2  .05026 

0. 56000 

0.0 1630 

280.00 

-0.37000 

2  .03728 

0.5 1200 

0.01603 

3C0.00 

-0.92000 

1  .74928 

0.40000 

N  0.Ol<,00 

330.00 

-0.97500 

0.73720 

0.14  300 

0.00759 

j  345.00 

-0.9i000 

0.74728 

-0.02300 

6.00339 

348.00 

-0.91400 

0.13828 

-0.07400 

0.00248 

349.00 

-0.65500 

0,09973 

-0.07500 

0.00821 

350.00 

-0.76000 

0.06878 

-0.07400 

0.00190 

351 .00 

—  C • <9  000 

0 .04  8  78 

-0.07300 

0.00163, 

352.00 

-0.59000 

0.0337B 

-0.07100 

0.001 31 

353.00 

-0.47000 

0.02228 

-0.06900 

0.00099  s 

354.00 

-0.35300 

0.01478 

-0.06700 

0.00068 

355.00 

-0.23200 

C.01048 

-0.06500 

O.0CO41 

356.00 

-0.11500 

0,00028 

-0. 06 400 

0.00009 

397.00 

0.00500 

0 .00728 

-0.06200 

-0.00018 

358.00 

0.  12  5  CO 

0.00628 

-0.06100 

-0.00050 

360.00 

0.36000 

0.00578 

-0.05800 

-O.ODI 00 
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TABLE  XXXIII  -  Continued 


MACH  NUMBER 

»  0.45 

SERVC- 

FLAP  DEFLECTION 

-  5.0  OEG 

Alpha 

CL 

cn 

CM 

CMO 

0.0 

0.38500 

0.C0680 

-0.05700 

-0.00158 

2.00 

0.63000 

0.00760 

-8.05000 

-0.00235 

0.00 

0.71000 

0.008  10 

-0.04700 

-0.00271 

4.00 

0.76  0  00 

0.00960 

-0.05100 

-0.00303 

5.00 

0.78500 

0.01400 

-0.05900 

-0.00319 

6.00 

0.80800 

0.02230 

-0.07100 

-0.00366 

7.00 

0.82800 

0.03280 

-0.08500 

-0.00397 

fl.00 

0.84  500 

O.C4730 

-0.09400 

-0.00420 

0.00 

0.86000 

0 .06600 

-0.  10400 

-0.00452 

10.00 

0.  ('7400 

0.09780 

-0. 1  1 100 

-0.00479 

11.00 

0.1!  (.‘8  00 

0.13280 

-0. 1  1900 

-0.00501 

12.00 

0.90000 

0.16230 

-0.12400 

-0.00524 

14.00 

0.42500 

0.21530 

-0.13500 

-0.00569 

16.00 

0.44HOO 

0.28680 

-0.  14700 

-0.00619 

2  0.00 

0.48300 

0. 39630 

-0. 17109 

-0.00704 

30.00 

1 .0/000 

0.72680 

-0.25300 

-0.008  94 

50.00 

U 20000 

1 .52480 

-0.39  100 

-0.01233 

65. 00 

0.85000 

1.90980 

-0.47700 

-0.01445 

80.00 

0.41400 

2.12180 

-0.54000 

-0.016/1 

5/0.  UO 

0.10000 

2.16460 

-0.57000 

-0.01771 

i no. oo 

-0. 22000 

2.11900 

-0. 59000 

-0.0  1675 

1 10.00 

-0.52000 

2.00180 

-0.60100 

-0.01558 

130.00 

-C. 95500 

1.56480 

-O.57RO0 

-0.01197 

162.00 

-0.54300 

0.38480 

-0.28000 

-0.00429 

1 70.00 

-0.78000 

0.19430 

-0.27300 

-0.00203 

175.00 

-0.52  000 

0 . 089  30 

-o.2 icon 

-0.00945 

1 80.00 

-0.10000 

0  .  C 1 880 

0.0 

0.00108 

189.00 

0.40000 

0.12130 

0.26000 

0.00316 

192.00 

0.77000 

0.17680 

0.3  3900 

0.00384 

200.00 

0.64000 

0.3J180 

0. 32500 

0.00564 

230.00 

0.48000 

1.50180 

0.6  1000 

0.0115? 

260.00 

C. 26  OCO 

2.08489 

0.62H90 

0.011  311 

270.00 

-0.05000 

2  .  14960 

0.59200 

0.01269 

280.00 

-0. 370C0 

?.  .  12600 

0.55000 

0.01630 

300.00 

-0.42000 

l  .84680 

0.44500 

0.01441 

330.00 

-I.C4100 

0 . 76480 

0.19400 

0.00831 

345.00 

-0.85500 

0.26680 

0.02400 

0.00384 

348.00 

-0.81 000 

0 . 14  389 

-0.03000 

0.00260 

349.00 

-0.79  700 

0.15  7»0 

-0.04100 

0.00244 

350. 00 

-0.77500 

9. 12450 

-0.05700 

0.00208 

J51 .00 

-0. 73000 

O.C0480 

-0.00500 

0.00176 

352.00 

-0.65000 

0.03580 

-0.09000 

0.00140 

353.00 

-0.54500 

0.01380 

-0.04700 

0.00049 

354.00 

-0.42000 

0.01030 

-0.06  300 

0.00063 

355.0  ) 

-0,26500 

0,00880 

-0.07400 

0.09023 

346.00 

-0.  18000 

0.90  7  80 

-0.07400 

-0.00014 

357.00 

-0.C2000 

0.00740 

-0.07000 

-0.00050 

355.00 

0.11400 

0. 007 cn 

-0. 06600 

-0. 00O')6 

360.00 

0.34500 

0  .  O'V.HO 

-0.05790 

-0.00  1  54 

TABLE  XXXIII  -  Continued 


MACH  NUMHfcK  «  C.80 

SFPVC 

-FLAP  DEFLECTION  «  5.0  C 

ALPHA 

CL 

CO 

CM 

CUD 

0.0 

0.26  0  CO 

0.02404 

-0.06000 

-0.00054 

?.oo 

0. 37000 

0.03794 

-0.07800 

-0.00154 

3.00 

0.41 700 

0.05094 

-0. OR  300 

-0.00199 

4.00 

0.46000 

0.04844 

-0.08700 

-0.00239 

5.00 

0.50000 

0.09394 

—0.09 100 

-0.00230 

6.00 

0.54000 

0.11694 

-0.09400 

-0.00316 

7.00 

0.57800 

0. 13994 

-0.09300 

-0.00352 

0.00 

0.61200 

C.  16094 

-0. 11000 

-0.00  338 

5.10 

C.  64  700 

0. 18394 

-0. 10700 

-0.00470 

10.00 

0.67000 

0.20494 

-0. 1)900 

-0.00452 

11.00 

0.70700 

0.22564 

-0.1 3200 

-0.00483 

12.00 

0.73700 

0.24694 

-0. 14500 

-0.00510 

1h.11 

0.79100 

0.28894 

-0. 17100 

-0.00569 

lo.OI 

0. 841 fO 

0.35254 

-0. 19500 

-0.00623 

20.00 

0.537C0 

0 . 46594 

-0.2  3900 

-0.00732 

30.  01 

1 .05400 

0.63554 

-0.28  700 

-0.03946 

50.00 

l .20000 

1.56594 

-0.42200 

-0.01332 

65.00 

0. £5000 

1  .97094 

-0.51900 

-0.01693 

80.00 

0,41400 

2.22094 

-0.47200 

-0.01734 

50.10 

0. 100C0 

2.28594 

-9.41900 

-0.01  HU 

100.00 

-0.22000 

2, 26304 

-0.42800 

-0.0 1 761 

1 10.00 

-C. 52000 

2.15094 

-0.63810 

-0.0 1648 

130.00 

-0. 05500 

1.6  50  54 

-0.60910 

-0.01264 

162.00 

-0.  54(100 

1.43094 

-0.23000 

-0.00438 

170.00 

-0. 78000 

0.21494 

-0. 17701 

-0. 00203 

1 75.00 

-0.62000 

0.09194 

-0. 08900 

-0. 90977 

1  HO. 01 

-0. 11UO0 

0.03494 

0.0 

0  .  C  0  1  3  1 

1  US. 00 

0.41000 

0. 160  94 

0.  16200 

0.00366 

192.00 

0.77000 

0.21594 

0.21  210 

0.10<-52 

200.00 

0.64000 

0.41094 

0.34000 

0.00655 

230.00 

0.98000 

1 . 68094 

0.63101 

0.01319 

260.00 

0. 26000 

2 . 22464 

0.66100 

0.01761 

270.00 

-0.06000 

2.27094 

0.61800 

0.01106 

2t}0. 00 

-0.3/ 000 

2.2! 794 

0.50000 

0.0 1 7  70 

300.00 

-0.52001 

1 .88094 

0.47300 

0.01517 

330.00 

-0.  99  0  0.0 

0.31064 

0.75  600 

0.00957 

345.00 

-0 . 63500 

0.26494 

O.OR300 

0.00503 

340.00 

-0.54000 

0 . 50394 

0.04200  ■ 

0.00492. 

349.11 

-0.50400 

0. 18554 

0.03090 

1.90461 

350.00 

-0.47000 

0. 16394 

0.0 1900 

0.00429 

351.00 

-0.43500 

0.  1  ‘■4  81 

0.00700 

0.00388 

352.00 

-0.39500 

0 . 13394 

■  0.00390 

0.00357 

363.00 

-0. 36600 

0.11694 

-0.0 1 >00 

0.00316 

364 .00 

-0.31400 

0,09754 

-0.07391 

0.00771 

365.10 

-0. 2o/01 

0.07  75', 

-1.13711 

0. ;)!)■>  in 

i bo . UO 

-0.20501 

0.06164 

-0.04090 

0.00131 

367. 01 

-0. 1 0019 

0.04594 

-0.04)110 

0.00126 

3  4  S  .  0  C 

0.  mu 

0.03454 

-0.95711 

0.009c 8 

'WM.  11 

0.  I'-l.-O 

0.  32  4  94 

-9 . 5 ■  -  3) 

-i.r-r;  vw. 
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TABLE  XXXIII  -  Continued 


MACH  NUMOtX 

«  0.30 

StPVC- 

HAP  DEFLECT  ion 

■  10.0  OtG 

ALPHA 

CL 

CO 

CM 

CMC 

0.0 

0.62700 

0.00615 

-0.10*00 

-0.00208 

7.00 

0.83200 

0.00635 

-0.10300 

-0.00266 

3.00 

0. 0*500 

0.00655 

-0.10280 

-0.0029* 

<..00 

1.05100 

0.00735 

-0.10230 

-0.00321 

5.00 

1 . 16*00 

0.008*5 

-0.10230 

-0.003*8 

6.00 

1 .27500 

0.01065 

-0.10220 

-0.00376 

7.00 

t . 386C0 

0.01  395 

-0. 10250 

-0.00*06 

A.  00 

1 . *bOOO 

0.01795 

-0.10370 

-0.00*3* 

0.00 

1.563C0 

0.02565 

-0.  10550 

-0.00*6  1 

10.00 

1 .62  COO 

0.03*95 

-0. 1  OHJU 

-0 . 0C*d6 

11.00 

1.59*00 

0. 0*7*5 

-0. 11*00 

-0.00515 

12.00 

1 .*8000 

0.062*5 

-0.  12  150 

-0,005*2 

t*.00 

1.23900 

0. 1  1  3*5 

-0. 1*700 

-0.0059? 

16.00 

1.05  700 

0.216*5 

-0. 16550 

-0.006* 1 

20.00 

0.99500 

0.325*5 

-0. 1  HO 00 

-0.007*1 

30.00 

1 .01000 

0.616*5 

-0.  1  59.00 

-C. 00939 

50.00 

1  .20000 

l . 3*2*5 

-0.  1*000 

-0.01152 

65.00 

0.85000 

1.727*5 

-0.*  3800 

-0.01*23 

80.00 

0.*l*no 

1.953*5 

-0.51000 

-0.01775 

VO. 00 

0.10000 

2.007*5 

-0.5*000 

-0.01531 

1 00.00 

-0.22000 

1.979*5 

-0.56000 

-0.015J5 

110.00 

-0.52000 

1.867*5 

-0. 66*00 

-0.01*12 

1 30.00 

-0.55500 

1 .*1 7*5 

-0 .5*20 0 

-0.01129 

162.00 

-C.5*OCO 

0.277*5 

-0. 30000 

-0.00*06 

1 70.00 

-0.78000 

0.157*5 

-C. 3*000 

-0.00203 

1 75.00 

-0.52000 

0.077*5 

-0.30090 

-0.00068 

1  HO, 00 

-0.10000 

0.032*5 

0.0 

0,00068 

i no. oo 

0.  *00(30 

0.063*5 

0.3,3200 

0.0027 l 

1 5 2 . 00 

0.77000 

0. 1***5 

0.3*800 

0.00339 

200.00 

0.6*000 

0.267*5 

0.32000 

0.00*97 

230.00 

O.VdOOO 

1 . 337*5 

0 . 58000 

0.01075 

260.00 

0.26000 

1.937*5 

0.57600 

0.01535 

270.00 

-0.05000 

1.987*5 

0.5*300 

0.01603 

280.00 

-0.37000 

1.952*5 

0.5  1000 

0.01581 

3C0.00 

-0.02000 

1  .6*7*5 

0.39000 

0.01377 

330.00 

-0. 56  000 

0. 672*5 

0. 1*000 

0.00614 

3*5.00 

-0.85300 

C. 207*5 

-0.07680 

0.00203 

3*8.00 

-0.70700 

0.095*5 

-0.09*00 

0.00117 

3*9. 00 

-0.60500 

0.062*5 

-0.09620 

0.00090 

350.00 

-0 . *9  8  00 

0.042*5 

-0.09830 

0.00068 

351 .00 

-0.38500 

0.077*5 

-0. 1 0000 

0.00041 

*3  52.00 

-0.27500 

0.018*5 

-0. 10140 

0.00009 

353.00 

-0. 165C0 

0. 01 3*5 

-0. 10200 

-0.00018 

355.00 

-0.05000 

0.00895 

-0. 10350 

-0.00045 

355.00 

0.05  700 

0.00795 

-0. 10*00 

-0.00072 

356. GO 

0. I 70Q0 

0 , CO  7 *5 

-0.  10400 

-0.00099 

157.00 

0.28  300 

0.00705 

-0. 10400 

-0.00126 

*•58.0) 

n.  305on 

0. 0066b 

-0. 10*00 

-0.0315* 

360. 00 

0.62 l 00 

0.006  15 

-0. 10*00 

-0.00208 
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TABLE  XXXIII  -  Continued 


MACH  NUMGER 

■  0.45 

Sf  R  VC- 

FLAP  DEFLECTION 

=  10.0  Ot-G 

ALPHA 

CL 

CO 

CM 

1 

CM  0 

0.0 

0. 59500 

0.00590 

-n. 10700 

-0.00253 

2.00 

0. 83500 

0.006  18 

-0.10550 

-0.00312 

3.00 

0.95500 

0 .00640 

-0.10450 

-0.00343 

A. 00 

l .00500 

0.00778 

-0. 10400 

-0.00375 

5.00 

1.20700 

0.01028 

-0.10360 

-0.00402 

6. 00 

1.31 700 

0 .01 328 

-0. 10330 

-0.00434 

7.00 

1.40000 

O.OIL78 

-0.  10  300 

-0.00465 

0.00 

1 .45000 

0.02670 

-0. 10200 

-0.00492 

0.00 

l .44400 

0.04120 

-0. 1 l  ion 

-0.0C515 

10.00 

1.36500 

0 ♦ 06  6  7o 

-0.  1  3600 

-0.00542 

1  l  .00 

1.27000 

0.11320 

-0.  15100 

-0.00564 

12.00 

1 . 13000 

0. 15728 

-0. 16000 

-0.00596 

14.00 

1.03000 

0.21928 

-0. 17300 

-0. 00650 

16.00 

0.50000 

0.2672H 

-0. 10400 

-0.00700 

20.00 

0.95O00 

0.34  7  28 

-0.20700 

-0.00795 

30.00 

l . 03000 

0.66  2  23 

-0.26500 

-0.0 10)3 

50.00 

1.20000 

1.44223 

-0. 360O0 

-0.0 1197 

65.00 

0 . 85  000 

1.81728 

-0.45200 

-0.0 1445 

80.00 

0.41400 

2.02728 

-0.52200 

-0.01594 

*70.00 

0. 10000 

2.06228 

-0.55400 

-O.C 1626 

1 00.00 

-0.22000 

2.02  7  2!) 

-0 .67500 

-0.01501 

110.00 

-0.52000 

1 .91528 

-0.5.0  IOC 

-0.0 1463 

1 30.00 

-0.55500 

1 .45723 

-0.55600 

-0.0  1138 

162.00 

-0.54000 

0.29720 

-C. 29000 

-0.00411 

l 70.00 

-0.73000 

0.17220 

-0. 30200 

-0.00203 

175.00 

-0.52000 

0.07723 

-0.26500 

-0.0006H 

160.00 

-0. 100C0 

0.02  7 20 

0.0 

0.00077 

16V. OJ 

0.40000 

0.08  7  28 

0.34  BOO 

0.00294 

l V2.00 

C. 77000 

0.15728 

0.33200 

0.00384 

200.00 

0.64000 

0.20228 

0. 32800 

0.00542 

2  70.00 

0.90000 

1 .3V720 

0.59000 

0.01124 

260.00 

0.26000 

l  .97723 

0.59200 

0.0  156  3 

270.00 

-C. 05000 

2.U422H 

0.56000 

0.0  1630 

280.00 

-0.37000 

2.02723 

0.5  1200 

0.0 1603 

300.00 

-0.92000 

1 .74  228 

0.40000 

0.01400 

330.00 

- o. 94000 

0.72223 

0. 1 1900 

0.00655 

345.00 

-0.87600 

0.2  3720 

—0.09000 

0.001 99 

34  8. 00 

-0.76700 

0.11620 

-13.  12400 

0.00108 

349.09 

-'1.60500 

0.07028 

-0. 1  >200 

0.00077 

350.00 

-0.59000 

0 .05420 

-0.  1  1900 

0.00045 

351.00 

-0.48000 

0.03720 

-0. 1 1 000 

0.00018 

752.00 

-0.36000 

0.02528 

-0. 1 1 600 

-0.00014 

363.00 

-0.24OC0 

0.01 620 

-0. 1 1 500 

-0.00045 

364.00 

-0. 12000 

C'.Ol  323 

-0. 1 1400 

-0.00072 

34S.OO 

o.n 

0.6)020 

-0. 1 1 250 

-o.r,o  »04 

346.00 

0.  12000 

0.00040 

-0.11130 

-o.oo  i  n 

o 

c 

« 

•»» 

\T 

0.27  non 

0.  nr,  7  7H 

-Cl.  1  O000 

-0.00163 

350.00 

0.35500 

0.06603 

-0. 10900 

-0.no 194 

3*0.  ).) 

o.4<)  5  no 

i)  /lOM'-rt 

-0.10  7 00 

-n.  '102)3 
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TABLE  XXXI II  -  Continued 


MACH  NUMBER  ■  0.65 

SE  P VC- 

FLAP  DEFLECTION  *  10.,  DEG 

ALPHA 

CL 

CO 

CM 

CMC 

0.0 

0.60000 

0.  C0830 

-0.11000 

-0.00370 

2.00 

0.75000 

0.01030 

-0.10500 

-0.00434 

3.00 

0.78000 

0.  Cl  300 

-0.10700 

-0. 00465 

4.00 

0.60800 

0.02130 

-0.11900 

-0.00492 

5.00 

0.  82  6 CO 

0.03180 

-0.12800 

-0.00519 

6  00 

0.  84300 

0.04480 

-0.13700 

-0.00546 

7.00 

0.85900 

0.06780 

-0.14100 

-0.00569 

B.  00 

0. 87200 

0 . 08880 

-0. .4600 

-0.00592 

4.00 

0.84900 

0.11580 

-0.15000 

-0.00614 

10.00 

C.90100 

0. 14580 

-0.15400 

-0.00632 

11.00 

C. 41400 

0. 17280 

-0. 1 5700 

-0.00665 

12.00 

0.92  700 

0.19780 

-0.16100 

-0.00-j77 

14.00 

0. 94400 

0.26180 

-0.16900 

-0.00709 

10.  00 

0.  96  9  00 

0.31680 

-0. 1 7300 

-0.00745 

20.00 

1 . CO  800 

0.47180 

-0.  194  )0 

—0 .008)3 

30.00 

1 . C8800 

0.74680 

-0.25600 

-0.00948 

50.  00 

1.20000 

1.53680 

-0.39100 

-0.0 12 33 

55.00 

0. 85000 

1.42180 

-0.47700 

-0.01495 

80.00 

0.41400 

2. 12680 

-0.54000 

-0.01671 

40. 00 

0. 10000 

2.17180 

-0.57O00 

-0.01721 

ioo.oo 

-0.22000 

2.12640 

-0.59000 

-0.0 1675 

110.00 

-0.52000 

2.00680 

-0.60 100 

-0.01558 

1 30.00 

-0,95500 

l.  55680 

-0.57300 

-0. 01197 

142.00 

-0.54000 

0.37180 

-0.23000 

-0.00429 

1  J 0.  J 0 

-0.780O0 

0.18180 

-0.27300 

-0.00203 

1 75.00 

-0.52000 

0.08680 

-0.21000 

-0.00045 

11.0. 00 

- o. ;oooo 

0.02280 

0.0 

0.00103 

1 1.9.00 

0.40000 

0.11680 

0.26000 

0.00316 

142.00 

0.77000 

0. 16680 

0.10400 

0.00384 

200.00 

0. 64000 

0.11680 

0.32500 

0.00564 

230.00 

0.98000 

1 .48680 

0.6 1000 

0.01152 

260.00 

0.26O00 

2. 07680 

0.62800 

0.01188 

2  io.no 

-0.05000 

2.14180 

0.59200 

0.01264 

280.00 

-0.37000 

2.11680 

0.56000 

0.01690 

100. oc 

-0.92000 

J  .8 1 1 80 

0.44500 

0.01441 

130. 00 

-1.02300 

0. 74 1 80 

0. 18800 

0.00754 

346.00 

-0.83000 

0.23680 

-0. 1 3000 

0.0C194 

348. 00 

-0. 78400 

0.16880 

-C. 09000 

0. Of  077 

144. 00 

-0.75000 

0.  1 7  7 8 0 

-0. 1 1600 

0 . 0  r,  o l 

300.00 

-0.68000 

0 . 096UO 

-0.12700 

0.0 

361.00 

-0.586 ’C 

0.05380 

-0.1 3000 

-0.00016 

302.00 

-0.47000 

0.01680 

-0. 1 3000 

-0.00072 

351.00 

-0. 34000 

0.01 230 

-0. 1 2900 

-O.OOt  13 

354. 00 

-0. 205OQ 

0.01080 

-').  1  2  700 

-0.O0149 

7'5. OJ 

-•0.07000 

O.OU914 

-0. 12400 

-0.00135 

396.0) 

0.06700 

0,00630 

-0. I 2700 

-0.00221 
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APPENDIX  V 

CONTROL  SYSTEM  KINEMATICS 


As  mentioned  previously,  the  heart  of  the  CTR  system  consists 
of  a  torsionally  elastic  blade  with  dual  controls.  A  schematic 
illustrating  the  controls  for  this  rotor  system  is  shown  in 
Figure  41.  As  seen  in  this  schematic,  little  complexity  is 
added  to  the  rotating  control  system  used  typically  in  con¬ 
temporary  helicopters.  Conventional  pitch  links  control  the 
blade  angle  at  the  inboard  end  of  the  rotor.  The  flap  con¬ 
trols  the  outboard  blade  anqle.  The  flap  also  controls  the 
degree  of  twist  along  the  rotor  blade,  thus  increasing  the 
uniformity  of  the  airload  over  the  rotor  disk. 

The  control  mechanisms  for  the  dual  system  are  based  on 
existing  technology.  Control  rods  for  the  flap  system  are 
connected  to  a  swashplate  under  the  hollow  rotor  drive  shaft, 
and  runs  up  through  the  hollow  drive  to  a  walking  beam  on  top 
of  the  rotor  hub.  Control  action  continues  across  the  walking 
beam,  down  to  an  L-crank,  across  another  walking  beam,  and  out 
through  the  blade  on  a  control  rod  connected  to  the  flap  near 
the  tip  of  the  blade.  The  pitch  horns  attached  to  the  blade 
root  are  connected  by  control  rods  to  a  separate  swashplate 
on  the  outside  of  the  drive  shaft.  The  two  swashplates  are 
actuated  by  linkages  from  the  mixing  box  which  is  inserted 
between  the  pilot's  collective  and  cyclic  pitch  controls  and 
the  swashplates.  The  mixing  box  is  responsive  to  forward 
speeds  and  automatically  determines  optimum  blade  angles 
needed  to  carry  out  the  pilot's  directions.  If  a  pilot  wants 
to  go  faster,  he  generally  will  move  his  cyclic  pitch  stick 
forward,  and  the  mixing  box  will  translate  cyclic  stick 
motion  into  the  proper  control  phasing  to  produce  the 
most  efficient  blade  twist  for  increasing  aircraft  speed. 

The  following  list  contains  the  components  of  the  control 
system  and  also  describes  the  functions  of  these  components. 


ITEM 

Flap  swashplate 
Blade  swashplate 
Collective  control 

Cyclic  control 


FUNCTION 


Actuates  servo  flap 

Actuates  blade  root  pitch 

Actuates  both  swashplates  for 
collective  control 

Actuates  both  swashplates  for 
cyclic  control 


ITEM 


FUNCTION 


Primary  hydraulic  boost  Provides  hydraulic  boost  power 

to  blade  swashplate 

Secondary  hydraulic  boost  Provides  ASE  control  input  to 

both  servo  flap  and  blade  pitch 

CTR  input  actuators  Provides  differential  control 

to  both  swashplates  as  programmed 
by  the  CTR  differentiator 


CTR  differentiator 
Servo  angular  positioner 
CTR  input  cams 


'jinear  potentiometers 

Airspeed  pickup 
Pressure  transducer 


Converts  airspeed  signal  into 
proper  CTR  requirement 

Positions  the  (6)  CTR  input  cams 
angularly  according  to  airspeed 

Profiled  according  to  optimum 
CTR  control  requirements.  Six 
cams  are  installed,  three  for 
each  swashplate,  controlling 
the  longitudinal,  lateral,  ana 
collective  positioning  of  each 
swashplate 

Transfers  cam  motion  into 
electrical  signal  to  CTR  input 
actuators 

Conventional  pitot  tube 

Converts  airspeed  into  an 
electrical  signal 


In  order  to  properly  design  the  CTR  input  actuators  and 
differentiators,  it  is  required  to  know  how  the  flap  and 
pitch  horn  controls  relate  to  each  other.  In  running  the 
computer  cases  for  the  CTR  G  configuration,  it  was  found 
that  a  linear  relationship  existed  between  the  two  control 
systems.  This  relationship  is  expressed  by  the  following 
equation : 
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The  linear  coefficients  in  Equation  {  51)  are  shown  as  a 
function  of  speed  in  Figure  42.  Figure  42  shows  the  inter¬ 
cepts  for  the  pitch  horn  requirements  for  zero  servo  flap 
inputs  and  the  changes  in  pitch  horn  collective  due  to 
changes  in  servo  flap  collective  and  cyclic  controls.  Also 
shown  are  the  effect  of  changes  in  servo  longitudinal  and 
lateral  controls.  These  figures  indicate  a  linear  relation¬ 
ship  with  speed  of  b^,  b 2>  b ^ ,  c2 ,  c^,  d^,  d2 ,  and  d^.  The 

linear  relationship  or  constant  relationships  with  speed  are 
significant  because  they  greatly  simplify  the  desiqn  of  the 
actuating  systems. 
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RATE  OF  CHANGE  OF  PITCH 

HORN  COLLECTIVE  WITH  PITCH  HORN  REQUIREMENTS 

SERVO  FLAP  -  DEG/DEG  FOP  ZERO  FLAP  -  DEG 


RATE  OF  CHANGE  OF  PITCH 
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APPENDIX  VI 

TRIMMED  FLIGHT  CHARACTERISTICS  - 


The  effects  of  main  rotor  power,  maximum  blade' section  angle 
of  attack,  elastic  flapwise  tip  bending  deflection,  and  load 
factor  have  been  previously  discussed,  using  Figures 
12  through  15.  The  cases  chosen  for  these  figures  were  ob¬ 
tained  from  the  runs  at  the  various  speeds  described  in 
Appendix  III.  Only  the  minimum  power  cases  were  chosen  at 
speeds  below  stall.  At  the  high-speed  condition,  the  optimum 
cases  were  chosen  from  unstalled  cases  only  (not  minimum 
power) .  The  optimum  cases  have  already  been  described  in 
Table  II  for  the  CTR  along  with  equivalent  cases  run  on  the 
DCR.  Due  to  a  large  quantity  of  output  contained  with  each 
fully  trimmed  computer  run,  it  is  considered  impractical  to 
present  all  of  the  data  for  these  cases  in  this  report. 
However,  selected  items  were  chosen  from  the  output  of  each 
trimmed  case  in  Table  II  and  are  plotted  in  Figures  43  through 
146  as  shown  in  this  Appendix.  For  each  case  considered,  the 
following  curves  are  presented: 

1.  Angle- of-at tack  contour  plots. 

2.  Time  histories  of  the  input  control  and 
response  modes. 

3.  Harmonic  analysis  of  the  response  modes. 

4.  Time  histories  of  the  blade  section  angles 
of  attack. 

5.  Time  histories  of  the  out-of-plane  airloads. 

6.  Harmonic  analysis  of  the  out-of-plane  airloads. 

7.  Time  histories  of  the  in-plane  airloads. 

8.  Harmonic  analysis  of  the  in-plane  airloads. 
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Fiaure  43.  Angle-of-Attack  Contours  for  the  4- 
Bladed  CTR-G  Configuration,  V  = 

120  Knots;  n  •=  1.0;  Case  No. 
765-AQ.  Z  ^ 
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Figure  44.  Input  Control  Modes  and  Normal 

Response  Mode  Time  Histories  for 
the  4-Bladed  CTR-G  Configuration 
V  =  120  Knots;  n,  -1.0;  Case  No 
7  6  f.  -  AQ .  z 
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Figure  47,  Out-of-Shaft  Plane  Airload  Time 

Histories  for  the  4-Bladed  CTR-G 

Configuration;  V  =  120  Knots; 

n  =  1.0;  Case  No.  765-AO. 
z 


252 


Our-O-IHAM  MAW  AKlOAOt-U/IM 


253 


0  *0  110  110  140  MO  140 

4-  AJIAAUIM-OIO 

Figure  49.  In-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed 
CTR-G  Configuration;  V  =  120 
Knots;  n  =  1.0;  Case  No. 
765-AQ.  z 
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Figure  50.  In-Shaft  Plane  Airload  Harmonic 
Analysis  for  the  4-Bladed  CTR-G 
Configuration  ;  V  =  120  Knots  ; 
n  =  1.0?  Case  No.  765-AQ. 
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Figure  51.  Anqle-of -Attack  Contours  for  the  4- 

Bladed  CTR-G  Configuration;  V  = 

160  Knots-  n  =  1.0;  Case  No.  756-AL. 
'  z  ' 
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Figure  52  -  Concluded 
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Figure  57.  In-Shaft  Plane  Airload  Time 
Histories  for  the  4--Bladed 
CTR-G  Conf iguration;  V  -  160 
Knots,,  n  =  1.0;  Case  No. 
756-AL.  2 
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Figure  58.  In-Shaft  Plane  Airload  Harmonic 

Analysis  for  the  4-Bladed  CTR-G 

Configuration;  V  =  160  Knots; 

n  =  i.O;  Case  No.  756-AL. 
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Figure  59.  Anqle-o f -Attack  Contours  for  the  4- 
Bladed  CTP-0  Configuration,  V  = 

180  Knots;  "  =  1.0;  Case  No. 

770-F3.  Z 
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Figure  62.  Angle-of-Attack  Time  Histories 
for  the  4-Bladed  CTR-G 
Configuration;  V  =  180  Knots; 
1,  =  1.0;  Case  No.  770-F3. 
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Figure  63.  Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed  CTR-G 
Configuration-  V  =  180  Knots- 
n  =  1.0;  Case  No.  770-F3. 
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Figure  €4.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
4-Bladed  CTR-G  Configuration 
V  ■  180  Knots;  n  »  1.0; 

Case  No.  770-F3 . * 
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Figure  65.  In-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed 
CTR-G  Configuration;  V  «  180 
Knots;  n.  *  1.0;  Case  No. 
770-F3.  2 
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Figure  67.  Angle-of -Attack  Contours  for  the  4- 
Bladed  CTR-G  Configuration;  V  = 

120  Knots;  n  =  1.83;  Case  No. 
776-8.  z 
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Figure  69.  Normal  Response  Mode  Harmonic 

Analysis  for  the  4-Bladed  CTR-G 
Configuration  ;  V  =  120  Knots  ; 
n  •■=  1.83  ;  Case  No.  776-8. 
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Figure  71.  Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed  CTR-G 
Configuration;  V  =  120  Knots; 
n  =  1.83;  Case  No.  776-8. 
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Figure  72.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
4-Bladed  CTR-G  Conf iouration  • 
V  =  120  Knots;  n  =  1.83; 

Case  No.  776-8.  z 
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Figure  73.  In-Shaft  Plane  Airload  Time 
Histories  tor  the  4-Bladed 
CTR-G  Configuration;  V  =  120 
Knots;  n  =  1.83;  Case  No. 
776-8. 
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Figure  74.  In-Shaft  Plane  Airload  Harmonic 

Analysis  for  the  4-Bladed  CTR-G 

Conf iauration ;  V  =  120  Knots; 

n  =  1.83;  Case  No.  776-8. 
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Bladed  CTR-G  Configuration;  V  = 
160  Knots;  n  =  1.36;  Case  No. 
777-20.  2 
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Figure  76.  Input  Contro;  Modes  and  Normal 

Response  Mode  Time  Histories  for 
the  4-Bladed  CTR-G  Configuration; 
V  =  160  Knots,-  n  =1.35;  Case  No 
777-20.  4 
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Figure  79.  Out-of-Shaft  Plana  Airload  Time 

Histories  for  the  4-Bladed  CTR-G 

Conf iauration;  V  =  160  Knots; 

n  =  1.35;  Case  No.  777-20. 
z 


288 


40i 


Figure  80.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
4-Bladed  CTR-G  Configuration* 
V  -  160  Knots;  n  =  1.35; 

Case  No.  777-20  . 
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Figure  81.  In-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed 
CTR-G  Conf iauration ;  V  =  160 
Knots;  n  =  1.35;  Case  No. 
777-20.  Z 
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Ancle -of -Attack  Contours  for  the  6 
niarlei1.  DCRa3  Conf  iqurati  on  ;  V  = 

120  Knots;  n  =  1.0;  Case  No. 

554 -A] .  z 
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Figure  84  -  Concluded 
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Figure  86.  Angle-of-Attack  Time  Histories 

for  the  6-3laded  DCRa3 

Configuration:  V  =  120  Knots; 

n  =1.0;  Case  No.  554-A1. 
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Figure  87.  Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed  DCRa3 
Configuration;  V  =  120  Knots; 
n  =  1.0;  Case  No.  554-A1. 
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Figure  88.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
6-Bladed  DCRa3  Configuration; 

V  ~  120  Knots;  n  *  1.0; 

Case  No.  554-Al.  j 
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Figure  89.  In-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed 
DCRa3  Configuration*  V  =  120 
Knots;  n  =  1.0;  Case  No. 
554-A1. 
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Figure  90.  In-Shaft  Plane  Airload  Harmonic 
Analysis  for  the  6-Bladed  DCRa3 
Configuration;  V  =  120  Knots; 
n  =  1.0;  Case  No.  554-Al. 
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Figure  92.  Input  Control  Modes  and  Normal 

Response  Mode  Time  Histories  for 
the  6-Bladed  DCRa3  Configuration 
V  =  160  Knots;  n  =  1.0;  Case  No 
552-A1.  Z 
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Figure  93.  Normal  P.esponse  Mode  Harmonic 

Analysis  for  the  6-Bladed  DCRa3 
Configuration;  v  =  160  Knots; 
nz  =  1.0;  Case  No.  552-A1. 
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Figure  94.  Angle-of-Attack  Time  Histories 
for  the  6-Bladed  UCRa3 
Configuration;  V  =  160  Knots; 
n„  =  1.0;  Case  No.  552-A1, 
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Figure  95.  Out-of-Shaft  Plane  Airload  Time 

Histories  for  the  6-Bladed  DCRa3 

Configuration;  V  =  J.60  Knots; 

n  =  1.0;  Case  No.  552-A1. 
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Figure  96.  Out-of-5haf t  Plane  Airloads 
Harmonic  Analysis  for  the 
6-Bladed  DCRa3  Configuration; 
V  =  160  Knots;  n  =  1.0; 

Case  No.  552-Al.2 
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Figure  99.  Angle-of -Attack  Contours  for  the  6- 
Bladed  DCRa3  Configuration;  V  = 

180  Knots;  n  =  1.0;  Case  No. 
550-A3. 
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Figure  101.  Normal  Response  Mode  Harmonic 

Analysis  for  the  6-Bladed  DCRa3 
Configuration;  V  =  180  Knots; 
n  =  1.0;  Case  No.  550-A3. 
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Figure  102. 
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Angle-of-Attack.  Time  Histories 

for  the  6-Bladed  DCRa3 

Configuration;  V  =  180  Knots; 

n  =  1.0;  Case  No.  550-A3. 
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Figure  103.  Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed  DCRa3 
Configuration;  V  =  180  Knots; 
nz  =  i . 0 ;  Case  No.  550-A3. 
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Figure  104.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
6-Bladed  DCRa3  Configuration; 
V  =  180  Knots;  n  =  1.0; 

Case  No.  550-A3.2 
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In-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed 
DCRa3  Configuration;  V  =  180 
Knots;  n  =  1.0;  Case  No. 
550-A3 .  2 
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Figure  107.  Angle- of- At  tack  Contours  for  the  6- 
Bladed  DCRa3  Conf iuui at i on ;  V  = 

120  Knots;  n  -  1  .  P  ;  Case  No. 

6  5  5  -  A  3  .  Z 
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Figure  108.  nut  Control  Modes  and  Normal 

U.bponoe  Mode  Time  Histories  for 
the  6-Bladed  DCR  .J  Configuration; 
V  =  120  Knots*  ti  1.83;  Case  No 
6  5  5  -  A  3  .  * 
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Figure  110.  Angle-of- Attack  Time  Histories 
for  the  6-Bladed  DCRa3 
Configuration;  V  =  120  Knots; 

n  =  1.83;  Case  No.  655-A3. 
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Figure  111.  Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed  DCRa3 
Configuration;  V  =  120  Knots; 
n  =  1.83;  Case  No.  655-A3. 
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Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
6-Bladed  DCRa3  Configuration 
V  =  120  Knots;  n  =  i . 6  3  ? 
Case  No.  655-A3. 
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Figure  114.  In-Shaft  Plane  Airload  Harmonic 
Analysis  for  the  6-Bladed  DCRa 3 
Conf iauration ;  V  =  120  Knots; 
h2  =  1.83;  Case  No .  655-A3. 
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Figure  116  -  Concluded 


Figure  117.  Normal  Response  Mode  Harmonic 

Analysis  for  the  6-Bladed  DCRa3 
Configuration;  V  =  160  Knots; 

=  1.35;  Case  No.  571-A1. 
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Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed  DCRa3 
Configuration;  V  =  160  Knots; 
nz  =  1.35;  Case  No.  571-A1. 
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Figure  120.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
6-Bladed  DCRa3  Configuration; 
V  =  160  Knots;  n  -  i.3S; 

Case  No.  571-A1 . z 
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Figure  121.  In-Shaft  Plane  Airload  Time 
Histories  for  the  6-Bladed 
DCRa3  Configuration;  V  =  160 
Knots;  n  =1.35;  Case  No. 
571-A1.  Z 
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figure  122.  In-Shaft  Plane  Airload  Harmonic 
Analysis  for  the  6-Bladed  DCRa3 
Configuration;  V  =  160  Knots; 

0 z  '  1.35;  Case  No.  571-A1. 
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Figure  123.  Angle-of -Attack  Contours  for  th 
Bladed  DCP.a3  Configuration*  V  - 
160  Knots;  r,  -=  1.0:  Case  No. 
654-1.  z 
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Figure  124  -  Concluded 
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Figure  125.  Normal  Response  Mode  Harmonic 

An  a  ly  53  is  for  the  5-Bladed  DCRa3 
Configuration r  V  =  160  Knots; 
n  =  1.0;  Case  No.  654-1. 
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Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  5-Bladed  DCRa3 
Configuration;  V  =  160  Knots; 
nz  =  1.0;  Case  No.  654-1. 
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128.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
5-Bladed  DCRa3  Configuration; 
V  =  160  Knots;  n  =  1.0; 

Case  No.  654-1.  2 
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Figure  1P.9 .  Tn-Shaft  Plane  Airload  Time 
Histories  for  the  5-Bladed 
DCRa3  Configuration;  V  =  160 
Knots;  1 1  =  1.0;  Case  No. 

654-1. 
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Figure  131. 


Angle-of-Attack  Contours  for  the  4 
Bladed  DCRa3  Configuration;  V  = 

160  Knots;  ■;  =  1.6;  Case  No. 

104-10.  z 
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Figure  132  -  Concluded 


Figure  133.  Normal  Response  Mode  Harmonic 

Analysis  for  the  4-Bladed  DCRa3 
Configuration;  V  =  160  Knots; 
nz  =  1.0;  Case  No.  104-10. 
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Figure  135.  Out-of-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed  DCRa3 
Configuration;  V  =  160  Knots; 
n2  =  1.0;  Case  No.  104-10. 
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Figure  136.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
4-Bladed  DCRa3  Configuration; 
V  a  160  Knots;  n  =  1.0; 

Case  No.  104-10. 2 
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Figure  137.  In-Shaft  Plane  Airload  Time 
Histories  for  the  4-Bladed 
DCRa3  Configuration;  V  =  16 
Knots;  n  =  1.0;  Case  No. 
104-10.  z 
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Figure  139.  Angle-of- Attack  Contours  for  the  4- 
Bladed  DCRa3  Con f i nurn t i on ;  V  ~ 

180  Knots;  r.  r-  1.0;  Case  No. 

845-9. 
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Fi  (jure  140.  Input  Control  Modes  and  Normal 

Response  Mode  Time  Histories  for 
the  4-Bladod  DCRa3  Configuration; 
V  -  130  Knots ;  n  =  i.O;  Case  No. 
&  4  0  -  9  .  Z 
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Figure  140  -  Concluded 
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Figure  141.  Normal  Response  Mode  Harmonic 

Analysis  for  the  4-Bladed  DCRa3 
Configuration;  V  =  180  Knots- 
n  =  1.0;  Case  No.  845-9. 
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Angle -of -At tack  Time  Histories 
for  the  4-Bladed  DCRa3 
Configuration;  V  =  180  Knots; 
n  =  1.0;  Case  No.  845-9. 
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Figure  144.  Out-of-Shaft  Plane  Airloads 
Harmonic  Analysis  for  the 
4-Bladed  DCRa3  Configuration 


V  =  180  Knots;  n  =  1.0; 
Case  No.  845-9. 


In-Shaft  Plane  Airload  Harmonic 
Analysis  for  the  4-Bladed  DCT<a3 
Configuration;  V  =  180  Knots; 
n  =  1.0;  Case  No.  845-9. 


